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REMARKS 



Applicants have cancelled Claims 9 and 10 without prejudice to, or disclaimer of, the 
subject matter contained therein. Applicants maintain that the cancellation of a claim makes no 
admission as to its patentability and reserve the right to pursue the subject matter of the cancelled 
claim in this or any other patent application. 

Applicants have amended Claims 1-8 to remove reference to the Figures. Claims 1-6 
have been amended to remove reference to the extracellular domain. Claims 1-5 have been 
amended to add the limitation that the claimed polypeptides are more highly expressed in normal 
stomach tissue or normal lung tissue compared to stomach tumor or lung tumor, respectively, or 
are encoded by a polynucleotide that is more highly expressed in normal stomach tissue or 
normal lung tissue compared to stomach tumor or lung tumor, respectively. Applicants maintain 
that the amendments add no new matter and are fully supported by the specification as originally 
filed. For example, support for the amendments to Claims 1-5 can be found in Example 18 
beginning at paragraph [0529], as well as paragraph [0336] of the specification. 

Claims 1-8, and 11-13 are presented for examination. Applicants respond below to the 
specific rejections raised by the PTO in the Office Action mailed June 23, 2004. For the reasons 
set forth below, Applicants respectfully traverse. 

Correction of Inventorship under 37 CFR S1.48(b) 

As set forth above, applicants request that several inventors be deleted, as these 
inventors' inventions are no longer being claimed in the present application as result of 
prosecution. The fee as set forth in § 1.1 7(i) is submitted herewith. 

Priority Determination: 

As an initial matter, the PTO issued the instant Office Action assuming that the earliest 
priority is the instant filing date, May 3, 2002. The PTO argued that the instant application and 
priority application Serial No. 10/006,867 do not meet the requirements of 35 U.S.C. § 112, first 
paragraph. However, for the reasons set forth below, the instant application and the priority 
application do meet the requirements of 35 U.S.C. § 112, first paragraph, and therefore, are 
entitled to an earlier priority date. 
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Applicants have previously listed the priority information for the instant application in a 
Preliminary Amendment mailed September 3, 2002. The preliminary amendment states that the 
instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 to, US 
Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority under 35 
U.S.C. § 120 to, PCT Application PCT/US00/23328 filed 8/24/2000, which is a continuation-in- 
part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 filed 
10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of PCT 
Application PCT/US99/20111 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 to 
U.S. Provisional Application 60/099741 filed 9/10/1998." 

The sequences of SEQ ED NOs: 77 and 78 were first disclosed in U.S. Provisional 
Application 60/099,741 filed 9/10/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
claimed polypeptides, were first disclosed in PCT Application PCT/US00/23328 filed 8/24/2000, 
on page 93, line 3, through page 96, line 35. 

Rejection under 35 U.S.C. S101 - Utility 

The PTO has rejected Claims 1-13 as lacking a specific, substantial, and credible utility. 
The PTO argues that utilities asserted in the specification are not specific and substantial or well 
established. One of the asserted utilities for the claimed polypeptides is use as a diagnostic tool, 
as well as therapeutically as a target for treatment, based on the data that PRO 1357 cDNA is 
more highly expressed in normal stomach and lung as compared to stomach and lung tumor 
tissue, respectively. The PTO recognizes this as a "possible utility," however, the PTO asserts 
that there is no guidance on how to use this information, that no levels are disclosed, and that the 
information is too sparse to allow the encoding polynucleotide to be used as a diagnostic marker 
for stomach or lung tumor. 

The PTO also argues that even if the polynucleotide has utility as a tumor marker, there is 
no such utility for the polypeptide because there is no reason to suspect that there is an alteration 
in the amount of the polypeptide in normal stomach and lung tissue compared to stomach and 
lung tumor tissue. The PTO asserts that it "is not known what the protein does or if the level of 
the protein of SEQ ID NO:78 in stomach or lung tumors corresponds to nucleic acid transcript 
level." 
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Applicants respectfully disagree and submit that for the reasons stated below, the claimed 
polypeptides have a credible, substantial, and specific utility. 
Utility - Lesal Standard 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention complies with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utility" or a "well-established utility." 

Under the Utility Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is useful as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "[t]he 
basic quid pro quo contemplated by the Constitution and the Congress for granting a patent 
monopoly is the benefit derived by the public from an invention with substantial utility." In 
explaining the "substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office 
personnel must be careful not to interpret the phrase "immediate benefit to the public" or similar 
formulations used in certain court decisions to mean that products or services based on the 
claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility." (M.P.E.P. § 2107.01, emphasis added.) 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . . and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 
Utility - Evidentiary Standard 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 
satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope." In re hanger, 503 F.2d 
1380, 1391, 183USPQ288,297(CCPA 1974). See, also In re Jolles, 628 F.2d 1322, 206 USPQ 
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885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 
1154, 1159, 196 USPQ 209,212-13 (CCPA 1977). 

Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 
956, 220 USPQ 592, 596 (Fed. Cir. 1983) cert, denied, 469 US 835 (1984). The evidentiary 
standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. In re Oetiker, 911 F.2d 1443, 
1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the PTO must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of 
utility. Only after the PTO has made a proper prima facie showing of lack of utility does the 
burden of rebuttal shift to the applicant. The issue will then be decided on the totality of 
evidence. 

Substantial Utility 

Applicants have established that the Gene Encoding the PRQ1357 Polypeptide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue and is Useful as a Diagnostic Tool 

Applicants submit that the gene expression data provided in Example 18 of the present 
application are sufficient to establish a specific and substantial utility for the claimed 
polypeptides. Applicants first address the PTO's argument that the evidence of higher 
expression of the gene encoding the PR01357 polypeptide in normal stomach and lung tissue 
compared to stomach and lung tumor tissue is insufficient because there is no guidance on how 
to use this information, no levels are disclosed, and because the information is too sparse to 
allow the encoding polynucleotide to be used as a diagnostic marker for stomach or lung tumor. 

Applicants submit herewith a copy of a declaration of J. Christopher Grimaldi, an expert 
in the field of cancer biology, originally submitted in a related co-pending and co-owned patent 
application Serial No. 10/063,557 (attached as Exhibit 1). 

With regard to the alleged sparseness or lack of guidance and information, including 
regarding the relative or absolute expression levels, Mr. Grimaldi explains in paragraphs 6 and 7, 
that the semi-quantitative analysis employed to generate the data of Example 18 is sufficient to 
determine if a gene is over- or underexpressed in tumor cells compared to corresponding normal 
tissue. He states that any visually detectable difference seen between two samples is indicative 
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of at least a two-fold difference in cDNA between the tumor tissue and the counterpart normal 
tissue. He also states that the results of the gene expression studies indicate that the genes of 
interest "can be used to differentiate tumor from normal.' 5 He explains that, "[t]he precise levels 
of gene expression are irrelevant; what matters is that there is a relative difference in expression 
between normal tissue and tumor tissue." (Paragraph 7). Thus, since it is the relative level of 
expression between normal tissue and suspected cancerous tissue that is important, the precise 
level of expression in normal tissue is irrelevant. Likewise, there is no need for quantitative data 
to compare the level of expression in normal and tumor tissue. As Mr. Grimaldi states, "If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor." 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

The PTO argues that "even if the polynucleotide had utility as a tumor marker, the 
encoded polypeptide has no such utility since there is no reason to suspect that there is alteration 
of the polypeptide sequence or amount in stomach or lung tumor versus normal tissue." 
Furthermore, the PTO argues that it is not known if "decreased gene amplification in tumors 
corresponds to a decrease in the amount of expressed protein." 

As stated above, the standard for utility is not absolute certainty, but rather whether one 
of skill in the art would be more likely than not to believe the asserted utility. The working 
hypothesis among those skilled in the art is that there is a direct correlation between mRNA 
levels and protein levels. 

Applicants submit herewith a copy of a second Declaration by J. Christopher Grimaldi, an 
expert in the field of cancer biology (attached as Exhibit 2). This declaration was submitted in 
connection with the related co-pending and co-owned application Serial No. 10/063,557. As 
stated in paragraph 5 of the declaration, "Those who work in this field are well aware that in the 
vast majority of cases, when a gene is over-expressed... the gene product or polypeptide will also 
be over-expressed.... This same principal applies to gene under-expression." Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
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used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

Applicants also submit herewith a copy of the declaration of Paul Polakis, Ph.D. (attached 
as Exhibit 3), an expert in the field of cancer biology, originally submitted in a related and co- 
owned patent application Serial No. 10/032,996. As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein. 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion that "such reports are exceptions to the commonly understood 
general rule that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein." (Polakis Declaration, paragraph 6). 

Having compared the levels of mRNA and protein in both the tumor and normal cells 
analyzed, Dr. Polakis and his colleagues have found a very good correlation between mRNA and 
correspondine protein levels . Specifically, in approximately 80% of their observations they have 
found that increases in the level of a particular mRNA correlates with changes in the level of 
protein expressed from that mRNA. While the proper legal standard is to show that the existence 
of correlation between mRNA and polypeptide levels is more likely than not, the showing of 
approximately 80% correlation for the molecules tested in the Polakis Declaration greatly 
exceeds this legal standard. Based on these experimental data and his vast scientific experience 
of more than 20 years, Dr. Polakis states that, for human genes, increased mRNA levels typically 
correlate with an increase in abundance of the encoded protein. He further confirms that "it 
remains a central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein." 

Additional references support this position. For example, Orntoft et al. (submitted 

herewith as Exhibit 4) studied transcript levels of 5600 genes in malignant bladder cancers which 

were linked to a gain/loss of chromosomal material using an array-based method. Orntoft et al. 

-12- 



AppL No. : 10/063,586 

Filed : May 3, 2002 



showed that there was a gene dosage effect and teach that "in general (18 of 23 cases) 
chromosomal areas with more than 2-fold gain of DNA showed a corresponding increase in 
mRNA transcripts" (see column 1, abstract). In addition, Hyman et al. (submitted herewith as 
Exhibit 5) showed, using CGH analysis and cDNA microarrays to compare DNA copy numbers 
and mRNA expression of over 12,000 genes in breast cancer tumors and cell lines, that there is 
"evidence of a prominent global influence of copy number changes on gene expression levels" 
(see page 6244, column 1, last paragraph). Additional supportive teachings are also provided by 
Pollack et al. (submitted herewith as Exhibit 6) who studied a series of primary human breast 
tumors and found that "...62% of highly amplified genes show moderately or highly elevated 
expression, that DNA copy number influences gene expression across a wide range of DNA copy 
number alterations (deletion, low-, mid- and high-level amplification), that on average, a 2-fold 
change in DNA copy number is associated with a corresponding 1.5-fold change in mRNA 
levels" (see column 1, abstract). Thus, these articles collectively teach that in general, there is a 
correlation between gene expression and mRNA expression. 

Taken together, despite some teachings in the art of certain genes that do not fit within 
this paradigm which are exceptions rather than the rule, in the vast majority of cases , the 
combined teachings in the art, exemplified by Orntoft et al, Hyman et al. and Pollack et al. and 
the Grimaldi and Polakis declarations, overwhelmingly teach that gene expression influences 
mRNA expression and protein levels. Thus, one of skill in the art would reasonably expect, in 
this instance, based on the gene expression data for the PR01357 gene, that the PRO 1357 protein 
is concomitantly over-expressed in normal lung cells as compared to lung tumor, and in normal 
stomach cells compared to stomach tumor cells. Thus, Applicants submit that the PR01357 
protein and the antibodies against this protein have utility in the diagnosis of cancer and based on 
such a utility, one of skill in the art would know exactly how to use these molecules. 

The Claimed Polypeptide would have Diagnostic Utility even if there is no Positive Correlation 
between Gene Expression and Expression of the Encoded Polypeptide 

Even assuming arguendo that, there is no direct correlation between gene expression and 
protein expression for PR01357, which Applicants submit is not true, a polypeptide encoded by 
a gene that is differentially expressed in cancer would still have a credible, specific and 
substantial utility. 
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In paragraph 6 of the Grimaldi Declaration, Exhibit 2, Mr. Grimaldi explains that: 

However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for 
cancer diagnosis and treatment. For example, if over- or under-expression of a 
gene product does not correlate with over- or under-expression of mRNA in 
certain tumor types but does so in others, then identification of both gene 
expression and protein expression enables more accurate tumor classification and 
hence better determination of suitable therapy. 

This conclusion is echoed in the Declaration of Avi Ashkenazi, Ph.D. (attached as 
Exhibit 7), an expert in the field of cancer biology. This declaration was previously submitted in 
connection with co-pending application Serial No. 09/903,925. Applicants submit that 
simultaneous testing of gene expression and gene product expression enables more accurate 
tumor classification, even if there is no positive correlation between the two. This leads to better 
determination of a suitable therapy. 

This is further supported by the teachings in the article by Hanna and Mornin, submitted 
herewith (attached as Exhibit 8). The article teaches that the HER-2/neu gene has been shown to 
be amplified and/or over-expressed in 10%-30% of invasive breast cancers and in 40-60% of 
intraductal breast carcinoma. Further, the article teaches that diagnosis of breast cancer includes 
testing both the amplification of the HER-2/neu gene (by FISH) as well as the overexpression of 
the HER-2/neu gene product (by IHC). Even when the protein is not overexpressed, the assay 
relying on both tests leads to a more accurate classification of the cancer and a more effective 
treatment of it. 

The Applicants have established that it is the general, accepted understanding in the art 
that there is a positive correlation between gene expression and protein expression. However, 
even when this is not the case, a polypeptide encoded by a gene that is differentially expressed in 
cancer would still have utility. Thus, Applicants have demonstrated another basis for supporting 
the asserted utility for the claimed polypeptides. 

Specific Utility 

The Asserted Substantial Utilities are Specific to the Claimed Polypeptides 

Applicants assert that the above-discussed substantial utilities are specific to the claimed 
PROl 357 peptides. 
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Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 I. Applicants submit that the evidence of differential expression of the 
PRO 1357 gene in certain types of cancer cells, along with the declarations discussed above, 
provide a specific utility for the claimed polypeptides. 

As discussed above, there are significant data which show that the gene encoding the 
PR01357 polypeptide is more highly expressed in normal stomach and lung tissue compared to 
stomach and lung tumor tissue. These data are strong evidence that the PRO 1357 polypeptide is 
associated with stomach and lung tumors. Thus, contrary to the assertions of the PTO, 
Applicants submit that they have provided evidence associating the PR01357 polypeptide with a 
specific disease. This is a specific utility - it is not a general utility that would apply to the broad 
class of polypeptides. 

Conclusion 

The PTO has asserted two general arguments for why there is a lack of a substantial 
utility: (1) that the data reporting differential expression of the PR01357 gene is too sparse or 
lacking in information to be used as a cancer diagnostic; and, (2) that because there is no 
necessary correlation between gene amplification and protein expression, the claimed 
polypeptides cannot be used as cancer diagnostic or therapeutic tools. Applicants have addressed 
each of these arguments in turn. 

First, the Applicants provide a declaration stating that the data in Example 18 reporting 
higher expression of the PRO 1357 gene in normal stomach and lung compared to stomach and 
lung tumor tissue, are real and significant. This declaration also indicates the data provide 
sufficient comparative and relative expression information and that given the relative difference 
in expression levels, the claimed polypeptides have utility as cancer diagnostic tools. 

Next, Applicants have presented the declarations of two experts in the field along with 
supporting references which establish that the general, accepted view of those of skill in the art is 
that there is a direct correlation between mRNA levels and the encoded protein levels. Thus, one 
of skill in the art would find that it is more likely than not that the claimed polypeptide has utility 
as a diagnostic tool for cancer. 
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Applicants have also presented the declarations of two experts in the field, along with 
supporting references, which establish that even in the anomalous case where there is no positive 
correlation between gene expression and expression of the encoded protein, the simultaneous 
monitoring of both is useful for diagnosis and further classification of the cancer. 

Finally, Applicants have pointed out that the substantial utilities described above are 
specific to the claimed polypeptides because PR01357 is differentially expressed in certain 
cancer tissue compared to the corresponding normal tissue. This is not a general utility that 
would apply to the broad class of polypeptides. 

Thus, given the totality of the evidence provided, Applicants submit that they have 
established a substantial, specific, and credible utility for the claimed polypeptides as a 
diagnostic agent. According to the PTO Utility Examination Guidelines (2001), irrefutable proof 
of a claimed utility is not required. Rather, a specific, substantial, and credible utility requires 
only a "reasonable" confirmation of a real world context of use. Applicants submit that they 
have established that it is more likely than not that one of skill in the art would reasonably accept 
the utility for the claimed polypeptides set forth in the specification. In view of the above, 
Applicants respectfully request that the PTO reconsider and withdraw the utility rejection under 
35U.S.C. §101. 

Rejection under 35 U.S.C. §112, first paragraph - Enablement 

The PTO rejected "Claims 22-34" under 35 U.S.C. § 112, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to enable one skilled 
in the art to use the invention. Applicants presume that the reference to Claims 22-34 was a 
typographical error, and will address this rejection under the presumption that the PTO intended 
to reject Claims 1-13 or some portion thereof. The PTO argues that because the claimed 
invention is not supported by a substantial, specific and credible utility, the claims are not 
enabled. 

Applicants submit that in the discussion of the 35 U.S.C. § 101 rejection above, 
Applicants have established a substantial, specific, and credible utility for the claimed 
polypeptides. Applicants therefore request that the PTO reconsider and withdraw the enablement 
rejection under 35 U.S.C. § 1 12, first paragraph, based on a lack of utility. 
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Rejection under 35 U.S.C. §112, first paragraph - Written Description 

The PTO has rejection of Claims 1-6, 9-10 and 12-13 under 35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to reasonably convey to one skilled in the art that the inventors, at the time the application 
was filed, had possession of the invention. According to the PTO, because the claims do not 
require that the claimed polypeptides possess any particular biological activity, particular 
conserved structure, or other disclosed distinguishing feature, the claimed genus fail the written 
description requirement. The PTO states that the claimed genus of polypeptides is defined only 
by sequence identity. The PTO concludes that in the absence of sufficient recitation of 
distinguishing identifying characteristics, the specification does not provide adequate written 
description of the claimed genus. 

The PTO also asserts that the extracellular domain of the claimed polypeptides have not 
been described. As set forth above, Claims 1-6 have been amended to remove reference to the 
extracellular domain. Therefore, this particular issue will not be further addressed. 

The Legal Standard for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §1 12 , first paragraph is whether the disclosure "reasonably conveys to 
artisan that the inventor had possession at that time of the later claimed subject matter." In re 
Kaslow, 707 F.2d 1366, 1375, 2121 USPQ 1089, 1096 (Fed. Cir. 1983); see also Vas-Cath, Inc. 
v. Mahurkar, 935 F.2d atl563, 19 USPQ2d at 1116 (Fed. Cir. 1991). The adequacy of written 
description support is a factual issue and is to be determined on a case-by-case basis. See e.g., 
Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 USPQ2d at 1116 (Fed. Cir. 1991). The factual 
determination in a written description analysis depends on the nature of the invention and the 
amount of knowledge imparted to those skilled in the art by the disclosure. Union Oil v. Atlantic 
Richfield Co., 208 F.3d 989, 996 (Fed. Cir. 2000). 
The Current Invention is Adequately Described 

As noted above, whether the Applicants were in possession of the invention as of the 
effective filing date of an application is a factual determination, reached by the consideration of a 
number of factors, including the level of knowledge and skill in the art, and the teaching 
provided by the specification. The inventor is not required to describe every single detail of 
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his/her invention. An Applicant's disclosure obligation varies according to the art to which the 
invention pertains. 

The present invention pertains to the field of recombinant DNA/protein technology. It is 
well established that the level of skill in this field is very high since a representative person of 
skill is generally a Ph.D. scientist with several years of experience. Accordingly, the teaching 
imparted in the specification must be evaluated through the eyes of a highly skilled artisan as of 
the date the invention was made. The instant invention, defined by the amended claims, 
concerns polypeptides having a specified sequence identity with the specified polypeptide 
sequence of SEQ ID NO: 78, and as amended, with the functional recitation: "wherein said 
isolated polypeptide is more highly expressed in normal stomach tissue or normal lung tissue 
compared to stomach tumor or lung tumor, respectively, or wherein said isolated polypeptide is 
encoded by a polynucleotide that is more highly expressed in normal stomach tissue or normal 
lung tissue compared to stomach tumor or lung tumor, respectively." Based on the detailed 
description of the cloning and expression of variants of PR01357 in the specification, the 
description of the gene expression assay, the actual reduction to practice of sequences SEQ ID 
NOs: 77 and 78, and the functional recitation in the instant claims, Applicants submit that one of 
skill in the art would know that Applicants possessed the invention as claimed in the instant 
claims. Hence, Applicants respectfully request that the PTO reconsider and withdraw the written 
description rejection under 35 U.S.C. §112. 

Rejections under 35 U.S.C. § 112. second paragraph - Indefiniteness 

The PTO has rejected Claims 1-13 under 35 U.S.C. § 112, second paragraph, as being 
indefinite. The PTO objects to the phrase "the extracellular domain" because no extracellular 
domain has been identified for PR01357. Applicants have amended Claims 1-6 to delete any 
reference to an extracellular domain. 

Rejection under 35 U.S.C. S102(b) - Anticipation 

Claims 1-13 were rejected under 35 U.S.C. § 102(b) as being anticipated by 
WO 01/163 18 and WO 00/12708. 

The cited references do not anticipate because the instant application claims priority to 
the cited references. Specifically, as set forth in the preliminary amendment filed on September 
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2, 2002, the instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 
to, US Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority 
under 35 U.S.C. § 120 to, PCT Application PCT/US00/23328 filed 8/24/2000, which is a 
continuation-in-part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 
filed 10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of 
PCT Application PCT/US99/20111 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 
to U.S. Provisional Application 60/099741 filed 9/10/1998" (emphasis added). WO 01/16318 
is the PCT publication of PCT/US00/23328, and WO 00/12708 is the PCT publication of 
PCT/US99/20111. Therefore, the cited PCT publications are improper references under § 102 
and cannot anticipate the claimed subject matter. 

The sequences of SEQ ID NOs: 77 and 78 were first disclosed in U.S. Provisional 
Application 60/099,741 filed 9/10/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
claimed polypeptides, were first disclosed in PCT Application PCT/US00/23328 filed 8/24/2000, 
on page 93, line 3, through page 96, line 35. 

In view of the above discussion, reconsideration and withdrawal of the rejection under 
§ 102(b) is respectfully requested. 

CONCLUSION 

In view of the above, Applicants respectfully maintain that claims are patentable and 
request that they be passed to issue. Applicants invite the Examiner to call the undersigned if any 
remaining issues may be resolved by telephone. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 



rf^/o-f By: y7£S7. 



Marc T. Morley 
Registration No. 52,051 
Attorney of Record 
Customer No. 30,3 1 3 
(619) 235-8550 
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DECLARATION OF J. CHRISTOPHER GREMALDL UNDER 37 CFR §1.132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Cuiriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution/' which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 

-1- 
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Filed 



10/063,557 
May 2, 2002 



primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 





\ II / ' Date: 



Christopher Grimaldi 
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J. Christopher Grimaldi 

1434-3d th Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted "Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple -p^ejeets aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



o 



o 



SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypennutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t( 1 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. - 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui• Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman-'BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW, SchwallRHJEberhard DA,£astelli L, PokkisJP, and Eennica D. "Gverexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, JuUet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Aparna Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathologv Vol 156(6) 
1887-1900, 2000. ~ 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRUB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 



o 



o 



7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-Steffher H, Randall TD, Lund FE, 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in me yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. J. Christopher Grimaldi, Sriram Balasujbramanian, J. Fernando Bazan, Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. "CD38-mediated protein" ribosylation." Journal of" 
Immunology, Vol. 155(2), 8 1 1-8 17, 1995 

1 1. Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction," International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today Vol 
16(10), 469-473, 1995 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. NobuyukiJHaxada, Leopoldo.Santos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances 
Lund, Camilynn L Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol 
151,3111-3118,1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Herndier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV- Associated Lymphoma: 



o 



o 



Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma " 
AIDS, Vol 5, 669-674, 1991 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
Malignancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy G Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V^Region of the lg H Chain Gepe of a Human .Chronic B 
Lymphocytic Leukemia." Hie Journal of Immunology, Vol: 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1. 'Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207,155 Bl). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
the S£yaoe.." ,(this. patent .covers several hundred gene&) 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 

Member DNAX Safety Committee 199 1- 1 999 

Biological Safety Affairs Forum (BSAF) 1990-1991 
Environmental Law Foundation (ELF) 1990-1991 
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DECLARATION OF J, CHRISTOPHER GRIMALDL UNDER 37 C.F Jl § 1.132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 



4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 

-1- 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et aL, Pathol. Annu. « 27Ptl: 165-1 90], or chromosomal translocations such as t(5;14), 
[Grimaldi^a/.,Bloo^73(8):2081-2085(1989 Meeker et qL, Blood, 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 



7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made arc 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




Date: 



. . Christopher Grimaldi 
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J. Christopher Grimaldi 



1434.36 th Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 



EDUCATION 



University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



previously, was responsible to dii^t and manage the Cloning Lab. Currently focused on 
isolating cancer specie genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company- wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

4 Involved in multiple projects* aimed ateunderstanding novel genes discovered through * 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff . 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 



o 



o 



SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t( 1 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients- 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsiMeior generating genomic Ubrarie^s, screening with degenerate oligonucleotides, and 
characterizing anchfexpressing clones in E. coll. Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui' Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman' "BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW,.Schwall RH, Eberfcard DA*£astelli L, PolakisJP, and Pennica D. "Overexpression of— 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Aparna Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6), 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRHB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 113-9, 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



1999 



o 



o 



7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffher H, RandaU TD, Lund FE, 
Murray R, Schuber F, Howard MC. 'Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, j; Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

1Q. ^Christopher Grimaldi, Srijam B^lasubramanian, J. Fernando Bazan, Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosyiatidn." Journal of 
Immunology,Vol. 155(2), 811-817, 1995 

11. Leopoldo Santos- Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol: 
16(10), 469-473, 1995 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-iineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The 
chromosomal translocation t{5;14) (q31;q32) from this 
-sample wa^ctoned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind HI/fcoRI and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
o 1989 by Grvne & Strattonrlnc 

protooncogenes, such as c-myrand 6c/-2. 14 In this way, the 
IgH gene can activate protooncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.* 4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by Frencb-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
"agBrbse 1 ^!. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond ( Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods.' Approximately 100 pg of high mo! wt genomic 
DNA were partially digested with the Saul A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3 A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
M13 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland). 7 All sequence 
date were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral cosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. 3 * 4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CU19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This pbenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 8 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRI Hindlll, Sst\ t Sau3A, and EcoKL plus Hiruflll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1 ). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no 
4) was chosen for further study and a detailed restriction 
map- was generated. The EcoM* TffimfBcSKIi and Vsia" 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic^ 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. When the restriction map of human IL-3 and done 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred m the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A). The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transalp- 
ine Jb4 region. Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 
origin (putative N sequence) were inserted. 1 * 14 No sequences simple translocation event in our sample, we can conclude 
homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 
could be identified in the IL-3 sequence (Kg 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 
IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available, data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation ttanslocation" that appears to be a insistent feature of a rare; 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

knowQ to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. xls It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

• • • + • 

A 5 1 GGTGACCAGGGTTCCCTG<XXCCAGTAGTraUtfVGTAGTAGAGCT o a 

3 » CCACTGGTCCCAAGG GACCGGGGTCATCAGTTTCATCATCTCCATO 

• • ♦ • 

5 ■ TACCAGACAAACTCTCATCTGTTCCAGTGGCCTCCTGGCCACCCACCAGGACC^ 160 
3 • ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGGTGGTCCTGGTTC 

m ********* m # 

5 1 GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCT^ 2 40 
3 • CATCAGGTCCACTACCCTCTACTCTAGGGTGACCCGTC^ 

• • • • 

5 * GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGACAAGATGAAGTGA 32 a 
3 1 CCCXAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGG^ 

********* # 

5 1 TTTCTTGTTTCACTGATCTOX^GTACTAGAAAGTCATGGATGAATAATTACG a an 

3 1 AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGCAGACACCAAAAGAT 

• • • 

5 1 C AGATAAAGATCCTTCCGACGCCTGCCCCACACCACC^CCTCCCCCCGCCTTGCCCGGGGTTGTGGGC ACCTTGCTGCTG 4 g fl 
3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAAC ACCCGTGGAACGACGAC 

5 1 CACATATAAGGCGGGAGGTTGTTGCCAACTCTTCAGAGCCCCACGAAGGACCAGAACAAGACAGAGTGCCTCCTGCCGAT g fi L 
3 ' GTGTATATTCCGCCCTCXAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTG 

5 1 CCAAA CATGA GCCGCCTGCCCGTCCTGCTCCTGC^ 6 4 r 

3 • GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTAC 

5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3' fifiR 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5» 

D TU A 5 ' TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
D X 9 Jh4 3 1 ACCGGGGTCATCAGTTTCATC AGTGTAACA CCCTCCGGGGTAATTCCCCACG TGTTTTTGGA CTGAGAG 

++++++++++++++-H-++++++ 
_ mm 5 1 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
C1 * * 4 3 1 ArrnnnCTr&TrAnTTTr.ATC ATCTCCATTAAGTAGTATCGACGCCT AATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 • GGCACCAAGAGATGTGCTTCTC^GAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
IX ~ 3 3 1 CCGTGGTTCTCTAC AC GAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGC AC TGGCCGATGGT 

Fig 3. Sequence of t(6;14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the Bst£\\/Hpa\ fragment indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand/ Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 Is that of the germUne IL-3 gene. 2 * The IL-3 TATA box (486). transcription start (616), and initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 182 and 386). (B) 
Comparative sequence of the t(6;14)(q31 ?q32) breakpoint region. The lgJh4 region Is shown with Its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. Aphis sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the IL-3 sequence. 
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Fl«4. Diagram of the translocation. The normal chromosome 
5q31 is shown with the GM-CSF gene telomerte to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are tetomeric. The t(5;14)(q31;q32) translo- 
cation results in the head-to-head orientation of these genes 
Symbols are defined in fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 1 ™ This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
L ^ e »°^ h ^P 0 ^ 1 fo r the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 



the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 21 - 22 

An additional feature of this type of leukemia the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 * 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leWeinlc cells might 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 1 * 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, 'suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene isprobably positioned only 14 kbaway (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleukin-5 (11^5) gene maps to chromosome 5q31 * 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 



Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(6;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion joined the IgH gene and the interleukin-3 (IL-3) gene. In 
.one patient, excess IL-3 mRNA was pnHfaicad hy the 
leukemic cells. In the second patient; serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of pro to-oncogenes, such as 
• crabl t and o-myc % that &re;locatcd adjacent to the 

translocation. 1 ' 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q3l;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxyhucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 - 6 
Clinical features of Case 2 have been described in detail. 3 DMA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNA probe. 7 J 

Northern blots. RNA isolation and Northern blotting have been 
described * Briefly, Northern blots were done by separating 9/ig 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa 1 11^5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe. ,0 - , > 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGG ATCCG ACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 uL containing 67 nunol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCI* 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-B 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome-translocation that activate* the IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1 .5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT). 13 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. 1 4 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
-1240 (with respect to the proposed siutcf transcription initiation) 
to an Nhe I site at position - 64Z The plasmid containing this region 
was a gift from Naoko Arai of the DN AX Research Institute. 

Expression in Cost ceils. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. , ° Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant Was collected after 48 
hours in culture. 

TP1 bloassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 13 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 uL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 uh 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x. 10* cells per weU t (final 
volume, 100 uh). the plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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Breakpoint sequences for Case 2. The germnne IgJhS region sequence (protein codln„ r^u 
. are underlined) is on top, the translo<^n ^nuance from Case 2 i^^^!!l^ 9 1**^ "* recombination 



Fig 1. 

sequence has the same nucleotide. The sequence documents the head-to-head Joining of the IW and ilk ^ M *"* 

gene occurred at position -934 {•). ^ M and lflH * ono *- breakpoint inthelL-3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nmJ* 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytoldne antibodies (10 Mg/mL) to coat the wells of a PVC 
imctotitcr pjatc. The capture, antibodies used were BVD3-6G8, 
JBS1-39D10, and BVD2-23B6, for the 11^3, EL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (MP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-bcnzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindUL restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
2 mately 14 kb was detected (data>not shown). When r^probed 
with either of two different IL-3 probes, a rearranged 14 kb 



#2 



#1 



I 



hi 



rTf} ™ m,gratin 8 with rearranged Jh fragment, was 
.denMecL Whea leukemic DNA was digested witt^S 
plus fcoRI, a rearranged Jh fragment was detected at£kb! 
The IL-3 probes also identified a comigrating fragment of 
tl 7*Ji% «periments Indicated that the Hkemic 
sample studied was clonal and that a single fragment 
«ntained both Jhand IL-3 sequences, sugg2g a^S- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobuhnheavy chain (IgH) gene, the polymerast 
chain reacUon (PGR) was used to done the transToSSn? 

l„.^r r ^ DlL : 3 Primer wer « designed toproduce an 
amphficd product in the event of a head-to-head transit 

Uo^e^ntroipNAgavenoPCRp ro duct.Case2D?^ 
yielded a PCR-denved fragment of approximately 980 bp. 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo- 
some 14 was just upstream of the.Jh5 coding region The 

5?*^ ° n Chr0mosome 5 W4 bp upstream of 

tiie putatove site of transcription initiation of ti» IL^e. 
We abo determined tiiat a putative N sequence of 17 bp was 
inserted between tfiT chromosome slid chromosome^ 
sequences during the translocation event' 7 -'* Figure 2 shows 
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«a*. Relatlonrtlp of chromoaome B breakpoint* to the IL-3 gene. Thl. figure .how. the two clonod hm»ir^^ i 
*° T™* «-3 *™ M One breakpoint occurred at position -462 and the other at ^t^^T^ZL^™'*"^* 0 
trans ocation. resulted In a head-to-head joining of the IgH gene and the IL-3 gene, leaving the mRNA ald^LiL .T**"" 08 *' *• 

gen. Imact. Box- denote the five exone; restriction enzyme, are (B) BentHL (pT^. (H) r^ l (eS ana^Sn" 5 ! 
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!!?, a . f^!T 0ntati0n °* M mRNA °ver-oxpresslon. A Northern blot was prepared and hybridized with a orobe for IL-* t M * * 
WitalnedRNA from unstimulated peripheral Mood lymphocytes (PBL) aa a neo^rcoWol. Lane 2^n*J^ A 
t ^^f 0 ?^ 0 ^ A (ConAK ta ™ 3 contsdMd «NA from PBtXulated with ConA ^turT^n^^ 
IL-3 gene, to addWoiv the leukemic sample showed over-expression of an imspOced XB kb IL-3 trwwcrlpi OaiwTu^^rr^l w! 
IT^l^ ? ^* en !\A ' ,mIlar « barfirwas delected In lane 2. suggesting that an IL-3 mRNA of thtesb^someE 

rJ^l^! ^ a "^ <rt,on ' Indicating that only the sample with the translocation exhibited IL-3 over^essior^^ 

analyzed by Northern blot because too few colls were available for study. *pr*«»on. vase z could not be 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell Une. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not showji). Furthermore, the Biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM^CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 1 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either antj-IL-5 or anti^M-CSF^yas consistent with the 
inability to measure theWTactors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 

Sample Data 





11/1B/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells/uL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL) 








IL-3 


<444 


7,995 


1,061 


GM-CSF 


<16 


<15 


<15 


IL-5 


<60 


<60 


<60 



— — » ww w. IM wii*. uiim pwii iu» vyiui 

the corresponcfing growth factor levels quantified by infimunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1. 
Abbreviation: WBC, white blood celts. 
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concentration of monoclonal rat anti-JL^, Byms^^m^^^^r^^J^, ^ ^ monospecHie by wring . , n/mL1M 

tahlWtten of proliferation wa. ovWem ° b>dk ^ M "° MoAb - On 1/WMwtf 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;l 4) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true 
In addition, neither GM-CSF nor !l-5 ar<? over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this fa the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loo£ for IL-3 is important for the evolution of this 
leukemia. ' The excessive IL-3 production that we have 
oocumented would be one feature of such an autocrine loop 
me final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
* enne effects of leukemk-dernpl %3, similar interventions 
may nnproye this aspect of the disease. Antibodies or" 5 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John Q. Strickler 



The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, 79 who reported that o-erfcB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of oerbB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews. ^w.6S The molecular biology of the c-erfcB-2 oncogene has been 
extensively reviewed 37 ' 3 * 58 and will be discussed only briefly here. 



• *2 

BACKGROUND 



The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 - 7 * 7 * 78 The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B. 33 ^ 7 * HEfl-2 was isolated by screening a human genomic DNA library for 
homology with v-eriB. 24 When the DNA sequences were determined subse- 
quently, c-erfcB-2, ZTER-2, and neu were found to represent the same gene. 
Recently, the c-er&B-2 oncogene also has been referred to as NGL, 

The c-erhB-2 DNA is located on human chromosome 17q21 wuaa and codes 
for oerfcB-2 mRNA (4.6 kb), which translates c-erbB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The oeriB-2 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. ^Thc c- 
protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 2 * 1 * Electron microscopy 
with a polyclonal antibody detects o-erbB-2 immunoreactivitv on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-villous outer cell 
membrane. 61 In normal cells, imrnunohistochemical reactivity for c-eriB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 

There is experimental evidence that cnerfcB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein pan transform a cell line into a malignant phenotype.* 8 Also, 
when the neu oncogene cbntaifflfi^an activating point mutation is placed to 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 * 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transfonned cell line, 26-88 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line. 14 Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 85 Further 
review of this experimental evidence is beyond the scope of this article. 

The c-eriB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of o-erbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-erfeB-2 activation 
at multiple sites in the same patient, immmU* although c-0r6B-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 67 66107 
Even more rarely, c-erfcB-2 DN A amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 6 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-eriB-2 activa- 
tion, but only a few such cases have been studied. 11 > 

MECHANISMS OF oerbB-2 ACTIVATION 

The most common mechanism of c-eri>B-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erJf>B-2 mRNA and 
protein. 1T » 34 » 65 ' 61 The c-erfcB-2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-«r&B-2 amplification contain 2 to 40 times more c-erbB-2 DNA 4 * 6 and 4 to 
128 times more c-*rbB-2 mRNA 1 * 90 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more oerfcB-2 
DNA. Hunors with greater amplification tend to have greater overproduc- 
tion. 17 '®* 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oerbb-2 activation is overproduc- 
tion of c-eriB-2 mRNA and protein vrithout amplification of c-erbB-2 DNA. 81 
The quantities of mRNA and protein usually are less than those in amplified 
case^and-may-approach the^maltquandties^presen^in-normaLbreast-or-other 
tissues. 17 * 80 .** The o-erbB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-er&B-2 activation have been reported. Translo- 
cations involving the c-erfeB-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic ti^slocations. 3l « 65 » 7 ^M.B0,i« a single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea> K Hie mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Althdugh there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations,* 
none has been detected in primary human neoplasms. 41 * 55 * 81 

TECHNIQUES FOR DETECTING c-erftB-2 ACTIVATION 
Detection of c-ertB-2 DNA Amplification 

Amplification of c-erbB-2 DNA Is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a oerfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o-erbB-2 DNA probe. In both tech- 
niques, c-erfeB-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of oerbB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells, 81 Second, the cw?riB-2 DNA 
probe must be carcfiilly chosen and labeled. For example, oligonucleotide c- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfoB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro* 
mosomes, 5 '®' 80 with rare exception. n Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of e-er&B-2 DNA was assessed by using the polymerase 
chain reaction (PCR) in one recent study. 32 Oligoprimers for the c-erfcB-2 gene 
and a control gene are added to the samples DNA, and PCR is performed. If 

e-eriB-2 DNA is replicated preferentially. 

Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. IJoth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c^rrfcB-2 mRNA-ha3?been described in two recent 
abstracts. 8 * 1 * 

Overproduction of c-erfcB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe 9 and developed for autoradiography Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used. Our experience indicates that these techniques are relatively insensi- 
tive for detecting o-erbb-2 mRNA overproduction in routinely processed tis-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c^erfcB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above oerMJ-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. * ? * 

Detection of o*rt>B-2 Protein Overproduction 

The most accurate methods for detecting oerfcB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against oerbB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er&B-2. In immunopredpitation studies, antibodies against c-er&B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for" 
diagnostic pathology Ttoo recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of <s*rfcB-2 protein. 1 * 15 



o 



c+rbB-2 ONCOGENE 



169 



Overproduction of o-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the oerbh-2 
pro tehrbandonr Western blot w~ imnranoprecipitattoi^ 
studies should be interpreted with caution.** 3 * 47 - 61 Even some monoclonal anti- 
bodies imraunoprecipitate protein bands in addition to c-erfcB-2 (P185). 3 * 5 ** 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-erfeB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive ceHs.^ 8 * 
When BouinVfixegive is used, Jthere may*be a Jii^fi^ percentage of positive 
cases. 0 Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-erfcB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose oerbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 64 

ACTIVATION OF c-erbB-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-crbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of o-*riB-2 DNA was found 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (Iable 1), and 
oerbB-2 mRNA or protein overproduction was detected in 20.9 percent (568 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
^riB?2 mRNA or protein overproduction m 15 percent (88 of 604) of carfcinomas 
that lacked c-erbB-2 DNA amplification, 

The incidence of c-erfrB-2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent e-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erbB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

Hie oerbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocareinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfeB-2 activation, 40 ' 84 * 68 especially if larger cells are present. The greater fre- 
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quency of c-erfeB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show oer6B-2 activation infrequently. Others have speculated 
that caidnoma in situ with o-erfeB-2 activation tends to regress or to lose c- 
erfeB-2 activation ctunng progression tolnvasion.^^TnfilrxarHg~aS3 ITsfiu" 
components of ductal carcinoma, however, usually are similar with respect to r> 
eriB-2 activation, 11 * 39 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ card- 
noma,*-** Activation of o*ri>B-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
eriB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma in,situ. tt ^ w OverprorjM&n of~r> 
er6B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 68 

Activation of c-er&B-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfeB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 38 .^ In normal breast tissue, c-erfcB-2 DNA is 
diploid, and c-er&B-2 is expressed at lower levels than in activated tumors. 3 *- 3 * 6 * 88 

These preliminary data suggest that c-erbB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c^erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erbB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-er&B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. ACTIVATION IN BENIGN HUMAN BREAST l|SfON8 



Histological Diagnosis 


oerftB-ftDNA 


c-er6B-2 mRNA 


c-erbB-2 Protein 


Amplification* 


Overproduction 


Overproduction 


Fibrocystic disease 






0/32* 0/9 wo/8» 


Atypical ductal hyperplasia 






2(weak)/21» 








1 (cytoplasmic 38 


Benign ductal hyperplasia 






0/12* 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/1 6,* 076" 


0/6 » 0/3* 


0/21 /» 0/1 0« 








0/8,»0/3« 


Radial scars 






0/22» 


Blunt duel adenosis 






0714* 


"Breast mastoels" 




0/3* 





•Shown as number ol cases wfth actrvatlorvnumDer of cases studied; reference Is given as a superscript 
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c-erfeB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-erfeB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attem pted to co rrelate c-eriB-2 activation with various 

pathologic prognostic fictors (Table 3). Activation of c-erfeB>2 was correlated 

with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with e-erfcB-2 activation in most studies (11 of 14). Tetr^loid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic fectors and may correlate with c^riB-2 activation.* 7 

Correlation of c-erbB-2 Activation With Cllnlcal^Prognostlc Factors 

Various studies have attempted also to correlate c-erfcB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of oerbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erbB-2 activation, and, in the rest of the reports, c- 
erbB-2 activation was associated with either younger or older ages. 

Correlation of oerbB-2 Activation With Patient Outcome 

Slamon et aF»-« first showed that amplification of the c-erbB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of oerbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-eriB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 79 - 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis Cfeble 5). In 12 series, there was a correlation be- 
tween c-eri>B-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be j 
independent of other prognostic factorSrJn contrast, 18 series did nonconform 
the correlation of c-erbB-2 activation with recurrence or survival. Four possible I 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-erfeB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-crfeB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5. CORRELATION OP c-erbB-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patients 









vrttn 








Type of 













c-erbB-2 




— Aidttarf-r" ~ ho 


— Statistical 






Activation 6 


Total 


LymphNote* Metastasl 


s Analysis 0 




<0.05 


ONA 


176 




M 


87 


<0.05 


DNA 


61 

W 1 




U 


60 
65 


<0.05 


DMA 


V* 




U 


<0.05 


DNA 


41 




U 


93 


<0.05 


mRNA 


62 




u 


65 


<0.05 


Protein • 


5 102 




M - • 


10t* 


<0.05 


ONA 




OHO 


M 


SI 


<0.05 


DNA 




i9n 


* * 
U 


17 


<0.05 


DNA 




91 
* 


1 1 

u 


87 


<0,O5 


DNA 






II 


79. 


<0.05 


Proteln-WB 




WW 


• M 


65 


<0.05 


Protein 




Oc 44 


u 


101 


0.05-0.15 


DNA 


67 




1 1 


111 


0.05-0,15 


Protein 


189 




M 


92 
66 


0.05-0.15 


Protein 




120 


u 


>0.15 


DNA 


130 




u 


113 


>0.15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




u 


44 


>0.15 


mRNA 


57 




u 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 
39 


>0.15 


Protein 


102 




u 


>0.15 


Protein 




137 


u 


17 


>0,15 


DNA 




181 


M 


81 


>0.15 


DNA 




'» « - 159 


u 


ft * 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proteir>WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0,15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



The endpotnts of these studies were tumor recurrence or decreased survival or both. Correlation between c- 
eroB-2 activation and a poorer patient outcome Is statistically significant at <0.05. Is of equivocal stanfflcanee 
al 0.05 to 0.16, and is not significant at >0.15. 

5 Shown as variable measured. Latters "WB- Indicate assay by Western blot; the other protein studies used 
ImmunoWstochemteai methods. 



*M = multivariate statistical analysis; U » univariate statistical analysis. 
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%oftumoraw| t h 

lymph node 
metastasis In 
each study 



70- 



80- 



50- 



40- 



71 (DNA)» 



61 (DNA)» 

59(DNA}* 
58(Protetn) 1t 



64<DNA)1 



42(Protein)* 



+ 



P<0.05 



+ 



0.05<P<0.15 



64 (mfiNA)® 
61 (DMA) 4 



58(0NA)« 

57{DNA)«* 

S5(Protelnp 

48(Prolein)" 
46(Protein)» 



— I 

P>0:15 



P for correlation of c-ert>B-2 activation with patient outcome. 
^p^^TfiL teS ! ° f bn ^*™*™** *®> metastasis b compared with the correlation between o 
™ ^r^^^I^ 8 !^ 13 lndUde on,v trralconskJ***, as one group, afl breast 

cancer patients, whether or not they had axftery metastasis. SuperacrtptB are the reJarary^Tr - 
are the types of oert>B-2 activation. P values are Interpreted as In Table 3. f 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-€r6B-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect ofc- 
erfeB-2 activation in duj£al tumor* In a^ditio^ most studies do not analyzg 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-arfeB-2 overexpression predicted early 
recurrence.*** In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-erfeB-2 activation, <° 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-«rfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-er*B-2 activa- 
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Hon and poor patient outcome measure c-«?riB-2 DNA amplification (Table 5) 
and breast carcinoma patients with greater amplification of c-erfeB-2 may have 
poorer survival™." Recent studies suggest that amplification has more prognos- 
tic power than overproduction,™.* but the clinical significance of c-*rfeB-2 
overproduction without DNA amplification deserves further research.".* Few 
~studles^ave-attemp^o-e^ 
overproduction and many studies of c-erbB-2 protein overproduction use rela- 
clonal antibodies SU ° h " tommon « toche m«al studies with poly- 

Comparlson of c-erbB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications inhuman breast cancer - 
are renewed elsewhere.".™ This section will be restricted to a comparison 
between the clinical relevance of c-erfeB-2 and these other oncogenes. 

The c-rojrc gene is often activated in breast carcinomas, but c-nwc activa- 
tion generally has less prognostic importance than c-er6B-2 activation.".*™* 
One study found a correlation between increased mRNAs of c-erfcB-2 and c 
myc, although other reports have not confirmed this.".™ Subsequent research 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erbB-2. 

The gene c-erfeB-1 for the epidermal growth factor receptor (EGFR) is 
homologous with c-erfeB-2 but is infrequently amplified in breast carcinomas .» 
Overproduction of EGFR, however, occurs more frequently than amplification 
fen 11 ?' c ° mMe ™& a Poor prognosis. In studies that have examined both c- 
erbB-2 and EGFR in the same tumor, c-erfcB-2 has a stronger correlation with 
poor prognostic factors.*.* Studies have tended to show no correlation between 
amplification of c^rbB-2 and c-er&B-l or overproduction of c-eriB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation ofe-er£B-2 
protein * mmj* R ecent reviews describe EGFR in breast carcinoma.**™ 

™eg^esc-^Aand ear-1 arelmroologoustotte 
tor, and they are located adjacent t<r<S»rfcBs£ on chromosome 17. These genes 
are frequently coamplifled with c-eroB-2 in breast carcinomas. The absence of 
o-er6A expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia.* Amplification of c-erfcB-2 can occur 
without ear-1 amplification, and these tumon have a decreased survival that is 
similar to tumors with both c-er6B-2 and ear-1 amplification." Consequently, 
c-erbB-2 amplification seems to be more important than amplification of oerbk 
or ear-1. 

Other genes also have been compared with oer&B-2 activation in breast 
c^dnomas. Onestudyfound a significant correlation between increased c-erfeB- 
mR iJ A ^^^ed mRNAs of/os, platelet-derived growth factor chain A, 
and K*-«u.i« Allelic-deletion of o-Ha-ros may indicate a poorer prognosis in 
breast carcinoma* but it has not been compared with c-er&B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.".*" 
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ACTUATION OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidence of c-erdB-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which o-er6B-2 expression has been 
detected, usually with ixnmuiaohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF <w*M mRNA OR oerbB~2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
oe/bB-2 
mRNA 



Skin* 4 



Stomach 2 * 

Jejunum 24 

Colors 

Kidney** 



3 r 



Uver* 4 



Lung 24 



Fetal brain* 4 

Thyroid* 
Uterus 24 



Placenta 24 



Tissues Producing Tissues Lacking Tissues Lacking 

c-e/bB-2 Protein* c-erbMmRMA o«/*B-2 Protein 



Epidermis" 
External root sheath^ 
Eccrtne sweat gland 5 * 
Fetal oral mucosa 62 
Fetal esophagus 6 
Stomach 2 "* 
Fetal Intestine** 

SmaD Intestine* 2 * 6 
Cok>n»« 
Fetal kidney** 

Fetal proximal tubule 22 
Distal tubule* 
Fetal collecting duct 6 
Fetal renal pelvis 83 
Fetal ureter 6 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 * 6 
Endocrine cells of Islets 

ofLangertians 22 
Fetal trachea 6 
Fetal bronchioles 6 — 
Bronchioles 6 



FetaJ ganglion cells 6 



Kidneys"* 



Ovary 12 

Blood vessels 6 



Postnatal oral mucosa 6 
Postnatal esophagus 6 



Glomerulus 6 

Postnatal Bowman's capsule 6 
Postnatal proximal tubule 6 

Postnatal collecting duct 6 
Postnatal renal pelvis 6 
Postnatal fetal ureter 6 
Liver 6 * 



Pancreatic islets 6 

Postnatal trachea 6 
Postnatal bronchioles 6 



Postnatal alveoli 682 
Postnatal brain 6 
Postnatal ganglion 



Endothelium 6 

Adrenocortical cells 6 
Postnatal thymus 6 
Fibroblasts 6 
Smooth muscle cells 6 
Cardiac muscle cells 6 



This protein study used Western blots; the rest used Immunohtetochemfeal methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunopredpitaHon or 
Western or RNA blots. Production of cer&B-2 has been identified in normal 
epithelium of the gastrointestinal tract and »K" Discrap*""'* ~ ga ^| ng ^ 
erbB-2 protein in other tissues could be due, at least m part, to differences in 
techniques. 

dat * ° n °"* rtB ' 2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
'■ been documented for c-erbB-2. ' , . * • ■ 

Activation of c-erfcB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies flable 8). One abstract" stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

Activation of c-er&B-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 



c-ertB-2 DMA 
Amplification 


c-er6B-2 
mRNA 
Over* 
production 


c~erbB-2 
Protein 
Over- 
production 


31/120* 1/11 w 
Q/8, 1 * 7 0/5," 0/3,*" 
Q/2»Q/1110 


23/67" 


23/73,1* 
30/72* 


2/7,'™1/7 r i«Q/6* 
OftfW ^ 


---3 |Jt _ 




1/2,ito<yi72 












0/2 72 






0/1* 






0/3« 






0/472 






0/2 7 * 






0/1* 






0/1" 






0/4 ,m o/iiio 







Tumor Type 

Ovary— carcinoma, not otherwise 
specified 

Ovary-serous (papfllary) carcinoma 
?Ovary— endometrioid carcinoma^ «■ 
Ovary— mucinous carcinoma 
Ovary— clear cell carcinoma 
Ovary— mixed epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary— mucinous borderline tumor 
Ovary— serous cystadenoma 
Ovary— mucinous cystadenoma 
Ovary— sclerosing stromal tumor 
Ovary— flbrothecoma 
Uterus— endome trial adenocarcinoma 

•Shown as number ol cases with amplification (or overprodudlonVlotal number of cases studied; reference Is 
given as superscript All protein studies used ImTTiunohJstochemteaJ methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-erfcB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional irnmunohistochemical 
study detected protein in seven of eight tissues fixed in Bouin s solu- 

tion. One study found greater irnmunohistochemical reactivity for o-eriB-2 
protein in colon i c adenmnatnm p o^thanJaA^^ 

using Bouin's fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased irnmunohistochemical reactivity for c- 
erbB-2 protein.** Hepatocellular «trcinomas (12 of 14 cases) and cholanglocarci- 
nomas (46 of 63 cases) reacted with antibodies against in one stud* but 

some of these "positive" cases showed only diffuse cytoplasmic staining, which 



Table a. activation in human g^ointestinaltumobs^ 



Tumor Typo 



oert>B-2DNA 
Amplification 



Protein 
Ove> 
production 



Esophagus— squamous cell carcinoma 
Stonuic*— carcinoma, poorty differentiated 
Stomach— adenocarcinoma 

Stomach— carcinoma. Intestinal or tubular type 
Stomach— carcinoma, tfrffuse or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Coton— tubulovillous adenoma 
Colon— tubular adenoma 
Colon— hyperplastic polyp 
intestine — leiomyosarcoma 
Hepatocellular carcinoma * h 
Hepatoblastoma 
Cholanglocarcinoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas-dear cell carcinoma 
Pancreas— large ceil carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



071 w 


071" 


0/22"» 




2/24,* 2/8,"* 


4/27>3/1Q« 


2/8, w 0/1"» 


5/10<» 


ie/64» 


(V2tw 


4/45» 


2/49 m 1/46,"' 


1/22 "7/B 22 * 


1/45*M/45,« 




0740," 0732,™ 073* 




071» 




0/50° 




077*> 




0/1" 






0/1* 


0712*" 


12/14?»672w 


071 v 





46/63» 

2/B0 l "«072 61 

0/1 41 

0/2* 

073" 

071<i 

0714^ 



*f hown 88 number °* cases with amplification (or overproduc«on)/total number of cases studied; reference Is 
given as superscript All protein studies uaed Irnmunohistochemical methods. No studies analyzed (or o-e/pB- 

*Ttesues fixed In Bouin's solution. 

c Only eases with distinct membrane staining are Interpreted as snowing c-ert>W overproduction. 
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TABLE 10. ACTIVATION IN HUMAN PULMONARY TUMORS* 



Tumor Type 



c-erbB-2 

CrerbB-2 DNA Protein 
Amplification Overproduction 



Non-small ceQ carcinoma 

Adenocarcinoma 
Large cell carcinoma 
Small can carcinoma 
Carcinoid tumor 



2/60,*0/60« 

0/21 « 1/t3,» QT7,m 0/7 » 0/310T 
0/9, B 0/6» 

0/1« 



1/84» 
4/12* 



0/26«0/3» 
0/3» 



does not indicate c-er&B-2 activation in breast neoplasms* Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for oerbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining. 41 

Tables 10 through 14 summarize the studies of c-ariB-2 activation in other 
neoplasms. The oerfcB-2 oncogene is not activated in most of these tumors! 
Activation of has been detected in 1 percent (4 of 299) of pulmonary 

non-small cell carcinomas in nine studies, although one additional report* 
found c-criB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
nomahad c.erfeB-2 activation in 7 percent (2 of 30) in four studies, Overproduc 
tion of c-erbB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain wrfeB-2 protein, but it is not clear 

TABLE 11, c-erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS- 



Tumor Type 


— 'oeiWMDNA ^ 
Amplification 


e-erfcB-2 

Over- 
production 


c-erfcM 
Protein 
"Over* 
produetion 


Hematologic malignancies 


0/23'" 






Malignant lymphoma 


Q/9, 57 Q/3 107 


QfV 


0/15" 


Acute leukemia 


0/1 4" 




Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblasts leukemia 








Chronic leukemia 


0/1957 






Chronic lymphocytic leukemia 


0/6 107 






Chronic myelogenous leukemia 








Myeloproliferative disorder 








•Shown as numbor oJ cues with amplification (or ovamroducfionVtotal number of eases s 
given as superscript All protein studies used JmmunohtetochernlcaJ methods. 


tudled; reference Is 
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TABLE 12. c-^B-2 ACTIVATION IN HUMAN TUMORS OP SOPT TISSUE AND BONE- 



TUmorType 



c-erbB-2 DNA 
Amplification 



Sarcoma (V10, 111 0/8 w 

Malign ant fibrous histiocytoma Qtv* 

Uposarcoma 0/3107 

Pleomorphic sarcoma 0/1 *<* 

Rhabdomyosarcoma QfV& 

Osteogenic sarcoma a/2, m 

Chondrosarcoma q/iw 

Ewlnrfs sarcoma Q/1» 

Schwannoma (y-jw 



given as supe rscript No studios analyzed for >erbB-2 mRNA or e-ari>B-2 protein. 



studied; reference Is 



whether the protein level is increased over that of normal skin » Thyroid 
^rcinomas and adenomas can have low levels of increased e-eriB-2 mRNA 
One abstract described low-level c-erfcB-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas * 

Correlation of c-erl>B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfeB-2 activation in non- 
mammary tumors with outcome.- Slamon et ap showed that c-srbB-2 amplifica^ 
turn or overexpression in ovarian carcinomas correlates with decreased survival 
espeaaUy when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
^eased I survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that o*riB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-^e interval « Another abstectdes^ 

TABLE 13. c-erfrB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT* 



Tumor Type 



oerbB-2 DNA 
Amplification 



Kidney— renal cell carcinoma 
Wilms' tumor 

Prostate— adenocarcinoma 
Urinary bladder— carcinoma 



oert>B-2 
mRNA 
Over* 
production 



c-erbB-2 
Protein 
Over- 
production 



1/5,* 1/4,107 o/ 5 m 
0/4 57 



0/16^ 



0/2358 
1/46» 



X^^^I^I^a? 868 amp,fflcfi,lcn < w werprodurtlonKlolal number of cases studied; reference Is 
given as superscript. AH protein studies used Immunohlstochemfcal methods. 
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TABLE U oarfcB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 



Tumor Typ9 



DMA 
Amplification 



Protein 

oerbB-2 mRNA Over- 
Overproduction production 



__SkIn=rnaUgnanirnelanoma 

Skin, head and neck— squamous 

ceil carcinoma 
Site not stated — squamous cell 

carcinoma 
Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 

carcinoma 

- Trryrolo^naplastjocardnorna 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
ThyroW— adenoma 
Neuroblastoma 
Meningioma 



0/7"» 



0/8, w 0/2* 



1/1* 



Q/1< 
(V5 1 
0/1* 

(W35,«Q^wo/1w 
0/2* 



o/i» 



0/1' - r 
3{low ievels)/5i 

1(lowlevels)/2' 



•Shown aa number of cases with amplification {or werproducHon>Ootal numb* of cases audie* mte™^ 
0iVBn as superscript All protein studies used ImmurwMs^^ 

SSS *V^S M Pn>teln to """^ ^ grades of pros- 

tate adenocarcinoma.^ Additional prognostic studies of ovarian cTcinomas arid 
other neoplasms are needed. 



SUMMARY 

JSS^u* &e ^r 65 - 2 oncogene can occur by amplification of e-er6B-2 
™lt y ove ^ uctton of <^r6B.2 mRNA andWB-2 protein. Apprari- 
matdy 2Q percentof breast carcinomas ^ evidence of **rh&l :m£*km, 
which correlates with a poor prognosis primarily in patients with metastasis to 
jdUary jymph nodes. Studies that have attempted to correlate c-*r*B-2 activa- 
bon with other prognostic factors in breast carcinoma have reported conflicting 
conclusions The pathologic and clinical significance of Ju activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

aMJultol^S^ lhmaa Tf, l*la«U Firederto M. Waldmang, Hans WbH~, 



2*M«<I ,08, of chromosomal material is characteristic 

^W^cancer, « weB as malgnarttransfomwBSte 

^S"JI^ C ^^ l ^ a 0t these ^S 63 31 both the 
J™»Wfan and toanatatton leveteteatpw^wtfawmr 
£^bfcmj»o|t^^ 

hM ^ an w * Wor "»*<9 • oomMhabon 

SSS^Sftf^ 8 ^ W9h resolution 
J^tSt^sele^plioreal. the msults showed 
»at»ere Is a gene dosage effect that In some eases' 
W^nposes on other regulatory mechanisms. This efr 

S^^P * 5^mmn»gnn^oftheci)m- 
g^flenomio hybridbaflon change, u, general Wot 
-.St??*! ^^osomai areas with more than 2-fold aaln 
2^«J^acorres^^ 

showed either reduced or unaltered transcript levels Bo- 
cm^e most proteins resolved by twoXonsSnaTS 
^"^P^^w'y possible to compare mftNA and 
S^Slff* 8 !!^^ ^^rotattvely tew cases of weB focused 

Srf Z£ ^.f? b £?2 0n ******* alterations and 
protein levels. The Implications, as wefl as ftnttattons. 

• *•** 

• Aneuptoldy is a common feature of most human cancers 
(U but little is known about the genome-wide effect of this 

f^iS^^ttS^ B »«*«nfe«y. Molecular Dlag- 

t^F^^^Z^^ m DK - 800 ° ^ arrMJS ODenmark, 
£^£^L£?*£ ^ Departmerrt «' laboratory Medicine, Ur£ 

JMWVOte Worms Ale 170, Aaihus UrdvemHy, OK-6000 Aarhus C, 
^Reodved, September 28. 2001, and In revised form. November 7, 



phenomenon at both the transcription and translation Jeveta. 
Hlgh ^roughput array studies of the breast cancer cell |j na 
BT474 has suggested that there te a correlation between 
^copymimbersandgene «pressk«lnr^|yampBSS 
weas and stubles of hKlrvklu^ 
ha^ revealed a g>«Hj&re^ 
mflNA or protein levels In the ease of o-erb-82. eyeOtai 
emsf,ahd N-myo (&-5), However, a high cycRn D1 protein 
wwewlon has been observed without simultaneous anv 
omtoatton (4). and a tow level of o-rnyo copy number in. 
urease was observed without concomltam c-myo proteto 
overexpresslon (6% . ^ 

In :tanALMtar hanprs, katyotje^ lluotfjscent k» situ 
"yl'ridizatton, and comparative genomic hybridization (CGHl' 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-lnvasrve pTa transitional ceB carcinomas (TCCsIl 
this Includes loss of chromosome 9 or parts of it, as weB as 
toss of Y In males. In minimally Invasive pTi TCCs. the fol- 
lowing alterations have been reported: 2q- 11 P - 1o T 
1lq13+, 17q+. and 20q+ (7-12). It has been suggested mat 
these regions harbor tumor suppressor genes and onco- 
genes: however, the large chromosomal areas Involved often 
oontato many genes, making meanhgfui predictions of the 

Jnthte bwesllgation we*have combined c*home-wtoe tech- 
notogy for detecting genomic gains and losses fCQH) with 
gene expression profiling techniques (rrdcroarrays and bro- 
teomlcs) to determine the effect of gene copy number on 
transcript and protein levels In pairs of rtorHnvaslvs and In- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 
Materfai-Btedder tumor biopsies were sampled after Informed 
consent obtained and after removal of tissue for roXTrthot 
ogy examination. By tight microscopy tumors 335 and wTwem 
staged by an experienced pathologist as pTa (superfidal papfflary). 
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-expression 



andfl, respective*, tumore 733 and 827 were staged as pTI 
0™asto, Into submucosa). 733 ^ staged as sow, andffiTwas 
staged as papfflary. both gratia III. ^ 

wo^ombedded Immediately In a eodKro^uanldlnhiro tWocyanate 
^f™ f^^^tored at -80 °C. Total RNA was IsolatedlS^he 

cWJM ftTsparatfon- 1 of mRNA was used as starting material. 
sSS^S, 3 ^ CDNA 5yntheSi8 ^ P^«^"stng the 
S^^^"!*?" 9 80 Primer containing aT7 RNA 

GAscrtp® fr, rftno transcflptlon ka (Ambton). BfotWabeted CTP and 



the ft. vffro transcription reaction, the uninconxrated^u- 
cteotldea were removed using RNaasy columns tOagent^ 
nr^«f^^*» Scawfcg-Array hybridization and scam 
nhg was modified from a previous method (13). lOugof rtMAwe* 
fragmented at 94 «C for 35 mfn In buffer oonmZ 40mu ?E 

tt» fragmented cRNA In a 6x 8SPB-T hyWdbaBon buffi ttT^ 
,0 J™* T *vPH 0005% Tmon). waTlSto?5^for /SS 
a^M^ 1 40 ' C ' ^ ^ed onto the Aff^pX 
array cartridge. The probe array was than Incubated lor 16 h at 4fl«r 
at constant rotation (60 rem). The probe an^wa™^ £ ^ 
wa^es In 6X SSPE-Tat 25 M followed by4 washes hOJS^ssw!? 
1^-T^btollnvlated cRNA was. ekne^ aZpSS 
pnycoerythrln conjugate. 10Mg^TlOWol©<^arProbe8)hexssp&T 




Fta 1— continued 



|^narte*2$^fbIJow^ 

^pwanrays were scanned at 560 ran using a <xmfocal laser scanning 

from the q uantitative scanning were analyze* by Mfymetttx gene 
expression a nal ysis so ft wa re* 
Atoosate/^^^ 

prevlpuely a^. MfemaMtes were eelectedby use of 
j^^tegejic^g^baseatw^^ 

AOPnwn 377. Data were collected In the Gene Scan prop/am for 
fnagmemanatysk.1^ 

of one aflete detected (n tumor anipOom cornpaiBd wmi blood 

mteomtc Analysta-TCCs were minced Into smaJ pieces and 
homc^enfeed In a smafl glass bomogenizer In 0,5 ml of ryste solution. 
Samples were stored at -20 *C una use. The procedure for 2D get 
electnn>horesla has been described In detafl elsewhere (15, 16V. Gete 
*^!? nitrate and/or Cocfftasste Brflftant Blue* Pro*- 

^ Waitffled by a combination of procedures that Included 
^^^J^ epoctrometry, twc^fimenskmal gel Western 
™^rKbkrttfr^ ^comparison with the master two^flrnenslonej gel 

Ct^Hybrtdlzatlon of olf^^ 
to normal metaphase (Chromosomes was performed as described 
pnwk>usly(tO%Ru^^ 



labeled reference DNA &OQ ng), and human Cot-1 DNA CO un) warn 

<tena^e^3^Cfor5r^ 

apha|es^Hybik^ 

**J^wenicoum 

ny»)do^ln en anttode solution. A second hybrlcSzation was per- 

s£n^^^ tOCanSm *» 

aMcrewns detected cfcring the H^tybridfeatioa Each CGH e»- * 

P«*i>enlal8okK*jo^ 

^^'Jj? chrcfnosornaJ regions with abnormal Buorescence 
ratios. incficating regions of DNA gains and losses. The average 
greenared fluorescence Intensity ratio profSes were calculated using 
lm f??® 01 6800 enmmosorne (eight chromosomes totaJ) with 
norniaflzatlon cf the greercred fluorescenoe ttensity ratio for the 
entire metaphase and. background correction. Ouornosorne WentitV 
cation was performed based on 4.6<llamIdlnc-2-pheny&idole band- 
ing patterns. Only Images showing uniform high fcitensfiy fluores- 
cence wflh minimal background staining were analyzed. Al 
centromeres, p amis of scroce^ 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridlzation-lbe CGH analysis 
identified a number, of chjwnosomal gains and losses h the 
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Table I 

Oonebtim between attend 
independent variabtegexpressfcm * h 



altered expression used. 



CGH alterations 
13 Gain 



Tumor 733 Vs. 335 



Expression change clusters 
10 Up-raguteUon 



Concordance CGH alterations 



Tumor 827 vs. 532 
Expression change dusters 



Concordance 



10 Loss 



B<pmssion change dustert 



0 Down-reguMon 
3 Mo change 

1 Ufcwegulaflon 

5 PowrKeguJation 



77% 



50% 



leUpnreguJafion 
21 Dowrwegulation 



Tumor 733 vs, 335 
CGH alterations 



10Galn. 8Up-*egulatton 

^Oown-iTB^ilatlori 
.2 No change 

121*59 3 Upnregulaflon 

2 Down regulation 

7 No change- • • 



17% 



C«Kx*dance Expression change clusters ^*f£*f . Coto»tlanc» 



15 No 



ItQato 
2Lpss 
3 No change 
IGaJn ■ 

8 Loss • 

12 No change 
3 Qatar 
3 Loss 

9 No change 



60% 



38% 



60% 



17 Up^eguJatlon 
9tta^THregutatton 
21 No change 



CGH 

10GaJn 
5 Loss 

2 No change 
QGaln 

3 Loss 

S No change 
10aJn - ... 
3 Loss 

17 No change 



69% 
33% 
81% 



two invasive tumors (stage pTI, TCC» 733 and 827), whereas 
the two non-Invasive papillomas (stage pTa, TCCs 335 and 
532) showed onfc 9p~, 9q22-q33-, and and 7+, 9q-, 
*nti Yrr. 9 respectively. Bc^ tavasto.tyaK» showed chang es 
(1q22-24+, 2q14.1-qter-, 3q12-<rl3.3-. 6q12-q22-, 
9q34+, 11q12-q13+ f 17+« and 20q11.2-q12+) that are typ- 
ical for their disease stage, as wefl ^additional alterations, 
soma** which are shown in Rg. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and theaverage numerical deviation from normal was 0,4-fold 
lnthec^ofTCC733and 0^foldforTCC827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 In 7CC 733 (Fig. 1/q and 
20q12hTCC827(Rg. 1B). 

mRNA Expression In Oal^taDNAC^tkimber^^ 
mRNAaJevels from the two lmfa8lVjUM!DP^JT^ 827 and 
733) were comparetfwfth the two ruxHnvastve counterparts 
(TCCs 532 and 335). TWs was done In two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule but scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched In the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus, in 
that way It was possible to construct a graphic presentation of 
DNA copy number and relative mfiNA levels along the Indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level In 
the Invasive versus the non-invasive counterpart Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-feldwera regarded as hfo^ 

of genes along the chrorrK^somes varied, and an^ 

Ing only one gene were excluded from the cafculationa. The 

tSSriufion of the QGH method to Wfew^and soma of ths 

outlier data may be because of the fact that the boundaries of 

the chromosomal abemalfonsarenottowwn 

Ttoo sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations In these 
chromosomal areaa In general, areas with a strong gain of 
chromosomal material contained a duster of genes having 
increased mRNA expreesloa For example, both chromo- 
somes 1q2l-q25» 2p and 9q f showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
Increased mRNA expression levels In the two tumor pate ffe 
1). in most cases, <?hromosqpr^ gains detected by CGH wem 
accompanied by an increased level ef transcripts to both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression In several oases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The tnab** 
tty to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-foW as the independent variable and es- 
timated the frequency of CGH alterations In these areaa As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 89% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CGH ratios (Table I. bottom). 
Furthermore, as a control we looked at areas with no alter- 
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5 a 



4444 

A * 



LI* 



i 



I 



2 



not Elected 



E***«k>n change* 



TUmor 827 versus 532 ~ 1^733 versus 335 1 

wpresek^ ctwge for a 9^ 



ation In expression. No alteration was detected. by OGH In. 
most of these areas (TCC 733, 60% and TCC 327, 81%; see 
Tabte *• bottom*. Because the ability to observe reduced or 
Increased mRNA expression clustering to a certain chromo- 
somat area dearly reflected the extent of copy number 
changes*we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
change In mRNA expression as monitored by the oligonucleo- 
tide arrays (Rg. 2jCfi>r both tumors TCC 733 ft>< 6.01 5) and 
TCC 827 (p< 0.0000® a highly significant correlation was 
observed between the level of CGH ratio change Reflecting 
the DNA copy number) and alterations detected by the array 
based technologylR* ^ Stoiflar data were obtained *hen 
areas with altered expression were used as Independent varf- 
able*. Thesejareas correlated best with CGH when the CQH 
ratio deviated 1 .6- to 2.0-fold (Table I, bottom) but mostly did 
not el lower CQH deviations. These data probably reflect that 
loss of an allele may only lead to a 60% reduction In expres- 
sion level, which is at the cut-oft point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent 

Mlcmsatetlfte-based Detection of Minor Areas of Loss- 
es-ln TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1, TCC 733 
chromosome 1q3fe, 2p21. and 7q21 and q32, 9q34, and 
10q2g. To determine whether these results were because of 
undetected loss of chromosomal material In these regions or 



because of other non-structural nr^anlsiiTO re^ilating 
scription. we examined t^ 

mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at bom 1cg8 ami at 2p22 
Indicating that minor deleted areas were not detected with the 
resolution of CGH (Rg. 3). Additionally, chromosome 2p to 
TCC 733 showed a CGH pattern of gain/ho change/gain of 
DNA that correlated with transcript increass/tfecreasa/In- 
crease. Thus, for the areas showing Increased expression 
there wa* a correlation with the DNA copy number alterations 

As bdtarted above, tte 
the middle of the chromosomal gain was because of LOH, • 
implying tf&t one of the mechanlsmj for mRNA down-regu- 
tation may be regions that have undergone smaller tosses of 
chromosomal material However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11p showed a normal ratio In the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two mlcrosatellftes (D1 131760, D11S922) 
positioned close to MUC2, IGF2, and cathepstn D indicated 
LOH as the most likely mechanism behind the losaof expres- 
sion (data not shown). 

A reduced expression of mRNA observed In TCC 733 at 
chromosomes 3q24> 11 P 11> I2p12^, 12q21/|, and 16q24 
and In TCC 827 at chromosome 11pl5.5, 12p11 f 15q11,2, 
and 18q12 was also examined for chromosomal losses using 
mterosateflites positioned as close as possible to the gene lo* 
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Reduced Unshared 
pwtefn • pitted) 

paoh and transcript ratio. For comparison potato wot dMdadfe 
throe groupa, watered in level or up- or do^«S^ftorito«w 

as absent In no*Hnvas*ve reference (top of fani Two iflfr-i_j 
f^?^5 TJJ? ""^ exclude scaling as a ccftfounder^cOaSCT 
733 and 33S (*} were scaled without MjppresskxvBoft co*i»«£ 



T^J^^^J^^^ * hotwwen* Tumor 
/JV./SI«S!P^ neterazygoatty at chromosome 1q23, detected 
^ WSei5 dpea to Hu class I Wetocornpatibmy amton tone 

2£?Afta » M * W8^oK3KK Snt 
romoer4i m Fig. ft and fc) at chromos o me 2p23 byja^gsi close 

^^^^^«* VBS show the etectroprwrogram obtained 

■* ^^toiwrcurves show the 
eiectropherogram from tumor DNA (a in all cases one alteta is 
parttalty tost In the tumor ampl lcon. one allele Is 

showing reduced mRNA transcripts. Only the mlcrosatelllte 
j"*" 0 ?*? at , 1 *« 12 WH (Fig. 3), suggesting that 

transcrlptionai. down-regulation of genes in the other regions 
may be controlled by other mechanisms. 
JR^Son between Changes tn mRNA and Protein Levels- 
2D-PAGE analysts, in combination with Coomassle Brilliant 
Hue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 wsO resolved abundant known 
Proteins migrating in areas away from the edges of the pH 



t'J^£%^2J r ?^ n homoto 9 uo - <W*m il8?tndcyS 

hoatsr^piota^q^oteratint* 
toe, hnRNP 31, 28-fcDa heat shock 
pre-mRNA spacing facton D, mesotheBal keratin K7 ftvoo Ift- fZ 

S-tWerase-. and meaothellal wSS 
ff^^^^adenytylcyclaae^saociatedpro^ 
keratin 19. calgtezartn, phosprwgtycerate mutaseT«Ine«torvS- 
.^f^^J^NP At. Integral marn^ScCoS^ 

neat shock protein, heterogeneous nuclear rfconucteoorofetfn atr 

pt^WiyAogenase. keraOrt 8, aldahyde leduetoeTwdhSfr 

Wtahsat ahodip/Mebv calnexfrv hnl*£ * <£S £ ATP 

^^,* H ^^^sS»to^ 

^^B^^and NAD+^epemlent 15 r^iraxy^g^ 
de^voVoflanase; (from top), prolyl ^hydiwytoiTSto* «E 
ta*fln 20, cytokerath 17, prohibition. aKMucto?*^,*^ 
pltatase{Janr^nll;K.aJiiifflclnlV;tt(romlBp 
cyctophHtn,andcofin. —«*ufw/* 

gradient, and having a known chromosomal location, were 
selected for analysis In the TCC pair 827/532. Protehs were 
Identified by a combination of methods (see •Experimental 
Procedures'). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Flo. 
4 >- 0nl / <*» Sene snowed disagreement betV»eentiwtscrS 
alteration and protein alteration. Except for a group of cyto- 







f^5> Comparison erf pcote^ 
and non-knastve TCCs; The opperpartof thefi^re8hew3a20gei 
<Mfrand theoagonucieotkte array fr^cTTCC 632. Tte red rec^ 
gfes on the qpper gal MgWght the am that are coopered befw. 
klantteat areas of 2D get* of TCCs 532 and 827 are shown below. 
Cteaiiy, cytokara^ 13 ard 15 am 

827 (red ortnctsthr^ The tfle on the array containing probe? for 
<*to*e^ 15 b enlarge 

ar^^ooropared wfttvTCC 827. The upper row of squaresiaeach m 
corresponds to perfect match probes; the tower ro* corresponds to 
mismatch probes containing a mutatkjn (used lor c«n^ctk« for utk 
specific blndlngj. Absence of signal b depicted as black, and the 
higher the signal the ftghter the color. A high transcript level was 
detected m TCC 532 (9161 unite) whereas a much lower level was 
detected si TCC 827 (absence of signal For cytokeratln 1 3, a high 
transcrfpt?Jevel was also present In TCC 532 (15659 units), and a 
much lower level was present In TCC 827 (623 unite). The 2D gels at 
the bottom of the figure Qef§ show levels of PA-FABP and adipocyte- 
FABP in TCCa 335 and 733 Qnvastve), respectively. Both protasis are 
dowivregutetedinthelrrvas^ 

tflea for the PA-FABP transcript A meolum transcript level was de- 
tected In the case of TCO 335 {1 277 units} whereas vary low levels 
were detected in TCC m (166 units). ®%lsoelectn^«ociB^ ^ 



keratins encoded by genes on chromosome 17 (Rg. s) the 
analyzed proteins did not belong to apajrtk^ fajnally. 28 well 
focused proteins whose* genes had a know chromosomal 
location were detected in TCCa 733 and 335, and of these 19 
correlated (p < 0.0061 with the mRNA changes detected using 
the arrays (Rg. 4). For example, PA-FABP was highly ex- 
pressed In the rum-ta^^ Invasive 
counterpart (TCC 733; see Fig. 5). The smaller number of 
protein* detected to both 733 and 335 was because of the 
smaller size cfftebtopsies that were avaitebtet 

Tf cripfiibsom wrWtX^sfiw^ 
that corresponded to the changes In transcript levels also 
showed corresponding c^^anges In the protefri level (TaWe II). 
These regions Included genes that encode proteins that are 
found to bo frequently altered In bladder cancer, name)/ 
eytokeratlns 17 and 20, armextns It and IV, and the fetty 
ackMjbndlngpiotB^ 

tetoewere.emx^tyo^nee.fr a fre- 

quently amplified chromosomal area fen Invasive S&ltfer 
cancers. 

DISCUSSION 

Mo* human cancers have abnormal DNA content having 
tost some chrotnesomal parts and gained others. The presenl 
study provides some evidence as to the effect of these gains 
and tosses on Q&temfm&m In two gaJrs of non^>ya»fve 
i^nTvaslveTCCs using high throu^put expression arrays 
and proteinics. In cornWnatton with CGH. In general, the 
results showed that thereto a clear 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect In most oases, 
genes located In chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
Josses showed either no change or a reduced mRNA expres- 
sion. The tetter might be because of the fa<rt that losses most 
often are restricted to loss of one aBeJe, and the cut-off point 
for detection of expression alterations was a 2-foW change, 
thus being at the border of detection. In se^ cases^ fKW- 

• *** * a 
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Proteus whose expression tevel corre!at& wfth both mFM 



Protein 



Chrorrxisofflal location Tumor TCC CGH alteration Transcript alteration- Protein alteration 



Annexlnll 
ArmexInlV 
Cytokeratln 17 
Cytokeratin 20 
(PA-JFABP 
FBPf 

Plasma geteofln 
Heat shock protein 29 
ProhibWn 
ProVM4iyoYoxyl 
hnRNPBt 



1o21 
2p1S 

17q12-q21 

17q21>1 

8q21.2 

9q22 

9q31 

15q«-q13 
17q21 
17q2S 
7p15 



733 

733 

827 

827 

827 

827 

827 

827 
827/733 
827/733 

827 



Gain 
Gain 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 
Gain 
Gab 
Loss 



AbstoPres* 
3.9-Foldup 
3»8-F6fd up 

5.6- FokJ up 
10-Fold down 
2-3-FoWup 
AbstoPres 
2,5-Foid up 

3.7- /2.5-Fbldup* 
S,7V1.**oldup 
2£-F6id down 



Increase 
Increase 
Increase 
Increase 



Increase 

Decrease 

increase 

Increase 

Decrease 



•Aba, absent; Pres. present 

b In cases where the corresponding alterations 



were found In both TCCs 827 and 733 these am shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated with cte now occurrence or complete loss of tran* 
script, respectively. Some of these transcripts could not be 
detected In the non-Invasive tumor but wore present at rela- 
tively high levels In areas with DNA amplifications in the Inva- 
sive tumors (a$, In TCC 733 transcript trom cellular iigand of 
armexift II gene (chromosome 1q21) from absent to 2670 
arbftray Onlts; In TCC 827 transcript from small pro8ne*rich 
protein 1 gene (chromosome 1ql2-q21.1) from absent to 
1326 arbftragy im te). It may be anticipated from these data 
that significant clustering of genes w ith an In crease d expres- 
sion to a certain chromosomal area indicates an Increased 
likelihood of gain of chromosomal material In this area 

Considering the many possible regulatory itw^ 
ingat the level of transcription, ft seems stfldng that the gene 
dose effects were sq clearly detectable In gabled areas. One 
hypothetical explanation may Be In the toss of controlled 
mettiytation tft tuftwr (17-1^ TTius, ft may be possible, 
thit trTtfuomosomes wmtlnaea?edDti\copy rnmTbers^ 
. or more alleles could be demethyiated simultaneously leading 
to a higher transcription level, whereas In chromosomes with 
losses the remaining aflele couW be partly methylated, turning 
off the process (20, 21). A recent report has documented a 
piofy regulation of gra 

the genes were present in the sameTattog^. a situation that Is 
not arateggi© teJtafc of danger .cefe^ .^j^.imim 
chromosomal abematfons, as weft as gene dosage effects; 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring In more than 1 
of 3 tumors. In pTa tumors, these Include 9p- t Oq-, 1q+, Y- 
(2, Q, andlnipTI tumors, 2q-,1 tp-, 11q-, 1q+, 5p+, 8q+, 
17q+, and 20q+ £-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p*~ and 9q22-q33- and 
9q- and Y- f respectively, likewise, the two minimal invasive 
pTI tumors showed aberrations that are commonly seen at 
that stage, andTCC 827 had a remarkaWe resemblance to the 
commonly seen pattern o^osses and gains, such as 1q^g4 
- amplication (seen In both tumorefc t1qt4-q22 loss, the lattw 
. often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9k These ob- 
servations Indicate that the pairs of tumors used In tWa study 
exhibit chromosomal changes observed In many tumors, and 
therefore the findings could be of general. Importance for 
bladder cancer. 

Considering that the mapping resolution of CGH Is of about 
20 megabases it Is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels dose to or inside re- 
gions with Increased copy numbers* Analysis of these regions 
by positioning heterozygous mlcrosateffites as close as pos- 
sible to the locus showing reduced gene expression revealed 
' loss of heterozygosity In several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use ofcDNA mfcroarrays for analysis of dima 
copy number changes win reach a resolution that can resolve 
these changes, as has recently bron proposed^ The outfer 
data were not mere frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploldy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level In normal cefls and Is often . 
reduced In tumors. However, the relation between Imprinting 
and gain ~o f ohromosom a l material I s not known.- - : - 
We regard It as a strength of this Investigation that wo were 
able to compare invasive tumors to benign tumorarathoc than 
to ncnrolurotiieiium, as the tumore studied were bktogloally 
very dose, and pjpbabiy may represent successive steps In 
the progression of bladder cancer. Despite the Hmfted amount 
of fresh tisane avaBabte ft was possfole to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression Is remarkabter when 
one considers that different plecesofthotumbr biopsies wer* 
used for the efferent sets of experiments. This Wtete that 
bladder tumors are relatively homogenous, a notton recsmtty 
supported by CGH and LOH data f*t showed a remarkable 
similarity even between tumors are* tfstar* metastasis t1Q,23}> 
In the few cases analyzed, mRNA. and protein levels 
s^pwd a^ri^ coirespo^ In some cases 

we found discrepancies that may be attributed Wt^ 
regulation, post-transiational processing, protein degrade* 
tibrv or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
transfatkmally Inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (ag. signaling proteins). A poor correlation between 
mRNA and protein levels was found in Over ceils as deter* 
mined by arrays and 2D-PAGE {£5), and a moderate correla- 
tor was recently reported by Wekerefa* (26) Inyeast 
; Interestingly, ct* study revealed a much better correlation 
between gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript One possible 
explanation could be that by losing one allele the change In 
mRNA level is not so dramatic as compared with gain of 
material, which can be rapier unlimited and may lead to a 
severalfold increase In gene copy number resulting in a much 
higher Impact on transcript level. The latter would be much 
easier to delect on the expression anrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of anrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fokJ 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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.' In eleven cases wo found a significant cxxrelation between 
DNA copy number, mRNA expression, and protein level Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area In chromosome 17q>. Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins Is at present unknown and wfl! have to 
be proved by other methods using a larger number of sam- 
pies. One factor making such studes complicated Is the large 
extent of protein modification that occurs after transfaftoct, 
requiring knmunoJderrtiflcatJon arKl/or mass spectrorr^iy to 
corr ec tl y kta i U f y t he prote ins In the geter - ■- — — - 

in conduskxv the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the fuHasb^ combining state of the art techniques that follow 
the pathway from DNA to protdn Here* we used a tradi- 
tional chromosomal CQH method, but to the future Wgh reso- 
luttan CGH ba^ed on mkaoarrays with many thousand radiation 
hybrk**rapr^ 

^derttfeaTtom these typesof ex pe rimen ts 0. CornMnedVyfth 
expression arrays analyzing transo^dertved from genes with 
known locations, and 2D gei analysis to obtain tnfocmatfcn at 
the post-transtefional level, a ciearer and 4 more developed un- 
derstanding of the tumor genome be forthcoming. 
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ABSTRACT? 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de- 
; scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations ha cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA mkroarrays In breast cancer and directly compared copy number 
and mRNA expression levels of 13324 genes to qnantitate the Impact of 
genomic changes on gene expression* We identified and mapped the 
boundaries of 24 independent ampHcona, ranging in size from 0.2 to 12 
Mb, Throughout the genome, both high- and low-level copy number 
changes had a substantia] impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and 103% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene, amplification. TJiese 
included most previously described amplified genet in breast cancer and 
many novel targets for genomic alterations, including the BOXB7 gene, 
the presence of which in a novel amplicon at 17q2i3 was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA micrqarrays revealed hundreds of. 
novel genes whose overexpression is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained^ elusive, and the utility of gene expression profiling in the 
identifi^tion of specific tnerapeulic targets lemains h^ted^ 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets , for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 md EGFR fJ, 8), in breast cancer and 
other solid rumors. Besides amplifications of known oncogenes, over 
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Fig. 1. Impact of gene copy number on global gene oppression levels. A, Dercentage of 
over- and underexpressedqgenes (7 axis) according to copy mrober*ratios {X axis\ 
Threshold vames used for over- and utoderexpiessibn were >2J84 (global upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of me expression ratios). B, percentage 
of amplified and deleted genes according to expression ratios. Threshold values tor 
amplification and deletion were >1 J and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10).. However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown* 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



3 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number. Genes with CGH ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <p:73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Mieroarray Data. To evaluate 
the influence of copy number alterations on gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
mat was labeled 1 for amplification (ratio, >1.43) and 0 for no ampHricafion. 
AmpKfication was correlated with gene expression using the signal-to-noise 



sibn is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AMD METHODS 

Breast Cancer CM! Ones. Fourteen breast cancer cell lines (BT-20 BT- 
474, HCC1428, HsS78t, MCF7, MDA-361, MDA.43.6, MDA-453, MDaU68, 
SKBR-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from foe 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Microarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 

performed as described (1 1-13). Of these clones, 244 represented uncharac- ™pnncauon was correlated with gene expression using the signal 
terized expressed sequence tags, and the remainder corresponded to known^ 81 ^? 08 We calculated a weight, w r for each gene as^bHows: 
genes. CGH experiments on cDNA microarrays were done as described (14, 
1 5). Briefly, 20 jig of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Akil and itazl (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
Mg of digested cell line DNAs were labeled with CV3-dUTP (Amersham 
Phamiacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, Inc.). Hybridization (14, 15) and 
posthybridization washes (13) were done as. described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty /ig of reference RNA were 
labeled with Cy3-dUTP and 3.5 >tg of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (1 3, 15). For both 
mieroarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corres^nding clone in me control hybridization. For 
the copy number analysis, the ratios were normalized On the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (i.e., copy number data with mean reference 
intensity <100 fluorescent units, and expression data with bom testiand 
reference intensity <100 fluorescent units and/or with spot size <50 units) 



m^.-rn^ 
» *«i + <r# 

where m gV <r gl and tr^ denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random perniu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization, of cPNA pones and AmpHcon Mapping, Each 
cDNA clone on the mieroarray was assigned to a Unigene cluster using the 
Unigene Build 14J • A database of genomic sequence alignment bfbrmation 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of CaHfomia Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets, Amplicons were defined as a CGH copy number ratio >2.0 m at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions \ 
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Table I 



Summary of independent amplicons In J 4 breast 
CGH microarray 



cell lines by 



Location 



1pl3 
lq21 
lq22 
3pJ4 

7pl2.1-7pl1.2 

7g31 

7q32 

8q2UI-«q21.I3 
8*21.3 

8q233-«q24.14 

8q24.22 

9pl3 

i3<£2~431 . 

16q22 

I7qll 

17ql2-q2U 

I7<|2U2-^U3 

17q{22^23J 

I7<J233-424J 

19q!3 

20qlJ.22 

20qi3.12 • 

20qi3.12-ql3.ir 

20ql3J^ql332 



oian \m.O) 


una (Mo) 


Size (Mb) 


132.79 


132^4 


02 


173.92 


177# . 


33 
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extended to include neighboring nonantpliiled clones (ratio, <1 J). Tne am- 
pHcon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectaimOrange (Vying, Downer? Grove, ILX and Spectrum- 
Onmge-labeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 tonnalm-frxed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
- 0 8 )- The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by me NM. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signajs, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test 

RT-PCR. The HOXB7 expression level was determme4 relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promega Corp., Madison, WI) with 10 ng ofmRNA 
as a template. HOXB7 primers were 5'-GAGCAGAGGGACTCGGACTT-3' 
and 5'-GCGTCAdOTAGCGATTGTAO-3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5> were overexpressed (te, belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, .10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated, with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb*. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to* 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 



CGH were validated, with lq21, 17ql2-n21.2, 17q22^q2S > 20ql3.i 
and 20ql3.2 regions being most commonly amplified. Furthermore' 
the boundaries of these amplicons were precisely delineated. In ad- 
dition, novel amplicons were identified at 9pl3 (38.65-39 25 MbV 
and 17q213 (52.47-55.80 Mb). ' 

Direct Identification of Putative Amplification target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gerie-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20*13 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR k the most highjy oVejelc^serl and anipKrieil 
gene at 7pll-pl2 (Fig. 3^). In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3J). In addition, several genes, including the 
homeobox genes HOXB2 and HdXB7 9 were highly amplified in a 
. previously undescribed independent anipiicon.atl7q2i.3. HOXB7 
systematica^ 3B, inset) 

as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furmermore, this novel 
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Pig. 3. Annotation of gene expression data on CGH microarray profiles. A, genes in the 
7pll-pl2 amplicon in the MDA-468 cell line are highly expressed (red dots) and include 
the EGFR oncogene. B. several genes in the 17ql2, 17q21J, and 17q23 amplicons in the 
BT-474 breast cancer cell line are highly overexpressed (red) and include the HOXB7 
gene. The data labels and color coding are as indicated for Fig. 2C fnsets show 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
centromere probe (green) to MDA-468 (A) and HOXB7*pccifbc probe (red) and < 
roosome 17 centromere (green) to BT-474 cells 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
witt poor prognosis of the patients (P = 0001) 

Statistical Identification and Characterization of 270 Highly 
'2 *" Sta&Hcal comparison of expres- 

270 k 8CneS M * ° f ratification identified 

270 genes whose expressioa was significantly influenced by copy 
mimber across all 14 cell lines (Fig. 4, Supplemental Fig. B). Xocord- 
mg to the gene ontology data,' 91 of the 270 genes represented 
hypomettcal protems or genes with no functional annotation, whereas 
°f °° ,ated fin,Ctional in fo™*ion available. Of these, 151 
(84/o) are implicated in apoptosis, cell rwoliferation, signal transduc- 
ttm, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



* Internal wMtesi.- httpyAvww.geneonuAjgy.oij/. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >100o publications applying COW* (9, 10), as well 
as in a large number of other molecular cytogenetic cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown 
although a few studies have explored gene expression changes occur- 
ring ,n ^ecific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA imcroarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy mimber alterations 
in breast cancer. " 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns .in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24)! 

The CGH rnicroarray analysis identified 24 independelit breast 
cancer arnplicons. We defined the precise boundaries for, many am- 
plicons detected previously by chromosomal CGH (?, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of flieir small size (only 1-2 Mb) or close 
proximity to other larger atnplicons/ One of these novel amplicons 
involved the homeobox gene region at 17q213 and led to the over- 
expression of the HOXB7 and HOXB2 genes. Hie homeodomain 
transcription factors «t' known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tnmorigenicity and angiogenesis in breast cancer (29-32), The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes pn the array), including not only 
previously described amplified genes, such as HER-2, MYC, 
EGFR, ribosomal protein s6 kinase, and AIB3> but also numerous 
novel genes such asNRA&related gene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1), whose activation by 
amplificati^i may similarly promote breast cancer progression. . 
Most of the 270 genet have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels-of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy nurnber changes on gene 
expression levels; (b) a high-resolution map of 24. independent 
ampliconsr in breast cancer, and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall 
our results illustrate how the .identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development 
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Microarray analysis reveals a major direct role of 
DNA copy number alteration in the transcriptional 
program of human breast tumors 
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Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation In 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes* in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer ceil lines. White the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplkon boundaries and 
the quantitative analysis of ampficon shape provide significant 
improvement In the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree 16 which variation in gene copy number contributes to 
variation in gene expression In tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated exjirasston, thatl^j^iaffiiber tafiuejice5.gerffl_e?c- 
pressSon across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fold change in DNA copy number is associated with a corre- 
sponding 1.5-fold change m mRNA levels, and that overall, at least 
12% of all the variation In gene expression among the breast 
tumors Is directly attributable to underlying variation In gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridizarJdn (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast canter celhiines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[cg^ FOFRt (8pllX MYC (8q24), CCND1 (llql3), ERBB2 
(17q12), and 2NF217 (20ql3)J and tumor suppressor genes 
[RBI (13ql4) and TP53 <17pl3)J, the relevant gene(s) within 
other regions (e.g., gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in rumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8% using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cefl tines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcmo- 
nia^ ^with more thanr ^96 "being lymph node positive, The 
traction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Colicctiori. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation. 

DNA labeling and Microarray Hybridizations. Genomic DNA label- 
Log and hybridizations were performed essentially as described 
in Pollack etaL (7), with slight mocUrtcations. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. 'Test" DNA 
(from tumors and cell lines) was fluorescentiy labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (Le., UniGene clusters), the 
"reference" (labeled with Qr3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePrx^scanner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at http://ranaJbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genonaicDNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 
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identifying the starting position of the best and longest match of 
any DN A sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http//genome,ucsc.edu/; Oct 7, 2000 Freeze)* For UniGene 
dusters represented by muJi^arrayed elements, mean fluo* 
resceace ratios (for ail elements representing the same UniGene 
cluster) are reported. For raRNA measurements, fluorescence 
ratios are "mean-centered" (ie, reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced* 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g^ 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. 16), as we did before 
(7), demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 1.5- (4?,XXX), % (4o\XXXX), or 
2-5-fold (49,XXXX£) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web she). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. \a\ detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example, gains within lq, 8q, l?q, and 20q were 
observed in a high proportion of breast cancer cell lines/rumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%, respective- 
ly), as were losses within lp, 3p, 8p, and j3q (80%/24%, 
80%/22%, 80%/22%, and 70%/18% t respectively), consistent 
with published cytogenetic studies (refe. 2-4; a complete listing 
of gains/losses, is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 



I vsww4m^orqycgl/cW/iai073/pnai,1S2«71$99 



Pollack et at 



Mbi g^H ro i g > »* r i^r i — «v i i — t i t t i 

■ 0 1© » » « CO * 70 tB 10 100 ttO UB » MO ISO 

8pter cen sqter 

Kg. 2. DNA copy number alteration across chromosome 8 by array CGH. (a) DNA copy number profiles are Illustrated force)! lines containing different numbers 
of X chromosomes, for breast cancer cell lines, and for breast tumors. Breast cancer cell fines and tumors are separately ordered by hierarchical clustering to 
hlghfight recurrent copy number changes. The 241 genes present on the mlcroarrays and mapping to chromosome 8 are ordered by position along the 
chromosome. Fluorescence ratios (test/reference) are depicted by a log* pseudocolor scale OndicatedX Selected genes are Indicated with color-coded text Cred. 
Increased; green, decreased: black, no change; gray, not well measured) to reflect correspondingly altered mRNA levels (observed in the majority of the subset 
of samples displaying the DMA copy number change). The map positions for genes of Interest that are not represented on the mkroerray are Indicated in the 
row above those genes represented on the array, (b) <JraphkaJ display of DNA copy number profile for breast cancer ceil One SKBR3. Fluorescence ratios 
§umcr /normal) are plotted on a log 3 Kaiejgr chromosome 8 genes, ordered along the chromosome* 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P » 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P » 0,04), and harboring TP53 mutations (P = 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web she). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterked oncogene (Fig. 2a). The complexity ofampiicon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3; Although a conventional CGH analysis of8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 
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boundaries of the interval recurrently amplified in the tumors we 
examined; m each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as weQ as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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Hg. 3. Concordance between DNA copy number and gene expression across chromosome 17. DNA copy number alteration (Uppei) and mftNA levels (tower) 
are illustrated for breast cancer cell tines and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering {Upp&i and the 
Iderttka I sample order Is maintained (lower). The 554 genes present on the m kroarrays and mapping to chromosome 1 7. and for which both DNA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are Indicated In color-coded text (see Rg. 2 legend), 
fluorescence ratios (test/reference) are depicted by separate iog 2 pseudocolor scales (Indicated). 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression are quite cxmcordant; Le^ a significant 
fraction of highly amplified genes arjp&rfcto b^orrespondingry 
highly expressed, the concordance between high-level amplifi- 
cation and increased gene expression iynot restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5 t which 
is published as supporting information on the PNAS web site) 
arc found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate anatyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
. f tests comparing adjacent classes: cell lmes,4x 1 X10" 4 * ^ 
5 X UFj» 1 X hH; tumors, 1 X \0r** i VX I0r*\ 5 X 10^, 
1 X 10~ 4 ), A linear regression of the average Jog(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a Mold change in DNA copy 
number was accompanied by 1.4- and 15-fold changes in mRNA . 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Eg. 4b). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig, 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Rg. A. Genome-wide Influence of DNA copy number alteratiora on mRNA levels, (a) For breast cancer cefl lines (gray) and tumor samples (blade), both 
mean-centered mRNA fluorescence ratio 0ogi scale) quartfJes (box plots Indicate 25th. 50th, and 75th percentile) and averages (diamonds; V-vatue error bars 
Indicate standard errors of the mean) are plotted for each of five classes of genes, representing ONA deletion {tumor/normal ratio < 08), no change (OA-Ufc 
tow (1.2-2). medium- (2-4). and MgMeve* amplification. Rvalues for-patr-wlse Student* t tests, comparing averages between adjacent dasses (movfrtg 
leftto right), are4 x 10~<» 1 x t0-« S x 10"» 1 x 10~> (can Ones), and 1 X 1 x 10~*+ 5 x 10"* 1 , 1 x 1 <r« (tumors). (6) Distribution of correlations between 
DNA copy number and mRNA levels, fdr£095 different human genes across 37 breast tumor samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels to the DNA copy number data set The line of unity Is indicated, (d) Percent variance 
In gene expression (among tumors) directly explained by variation in gene copy number. Percent variance explained. (black line) and fraction of data retained 
(gray line) are plotted for different fluorescence intensity /background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained Is relative 
to the t.2 intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation In gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting Information (see Estimating the Faction of Variation in Gene Expression Attributable 
to Underlying DNA Copy Number Alteration). 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of ail of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate by^usffig^oaJy &at fraction 
of the data most rdlabiy measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA revels directly attributed to variation in gene 
copy number increases to 12% (Fig. This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining ampKcon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression,^ believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploldy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et aL (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell tine, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et ol (15) recently reported that in metastatic 
colon tumors only -4% of genes within amplified regions were 
found more highly (>2-ft>ld) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et at (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity ampHcons, effectively ovcrcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on ^obal gent expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor* 
igenesis. In our study, fully 62% of highly amplified genes 
— . demonstrated moderately or highly elevated expression. This 
^ highlights the importdiice of Wgh-i^lutiotfrnlpping of ampl!^ 
con boundaries and shape {to identify the "driving" gene(s) 
within ampIicons(16)], on a large number of samples,in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
mkroarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number alteration in 
ftimorigenesis.(17, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
wide^read .imbaiance ^ 

stochiometric relationships in ceU metabolism and physiology 
(e.g., prpteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global . 
imbalances in gene expression in cancer. 
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27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL, Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 
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CA, Mar 2000. 
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San Diego, CA, August 2000. 
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Institute, UC San Francisco, CA, September 2000. 
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Organization conference, San Diego, CA, Jun 2001. 
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Conference on Apoptosis, Oxford, UK, July 2001. 
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Foundation, Cleveland, OH, Oct 2001. ' 
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Conference. San Francisco, CA, Oct 2001. 
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Diego, CA, Apr 2002 
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Research Center, Johns Hopkins University, Baltimore MD. May 2002. 
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FROM YOUR LABORATO.RY SERVIC'ES PROVIDER 

HER-2/neu Breast Cancer Predictive Testing 

Julie Sanford Hanna. Ph.D. and Dan Mornin, M.D. , 

Each year, over 182,000 women in the United States are recurrence risk in women younger than 40 years of age for 

diagnosed with breast cancer, and approximately 45,000 die low- versus high-amplified tumors (54.5% compared to 

of the disease. 1 Incidence appears to be increasing in the 85.7%); this is compared to a recurrence rate of 1 6.7% for 

United States at a rate of roughly 2% per year. The reasons patients with no HER-2/neu gene amplification, 4 HER-2/neu 

for trie increase are unclear, but non-genetic risk factors appear status may be particularly important to establish in women with 

to play a large role. 2 small 1 cm) tumor size. 

Five-year survival rates range from approximately 65%* The choice of methodology for determination of BER-2/ 

85%, depending on demographic group, with a significant neu status depends in part on the clinical setting. FDA approval 

percentage ofwomen experiencing recurrence of their cancer for the Vysis FISH test was granted based on clinical trials 

within 10 years of diagnosis. One of the factors most predic- involving] 1549 node-positive patients. Patients received one 

tive for recurrence once a diagnosis of breast cancer has been of three aifferent treatments consisting of different doses of 

made is the number of axillary lymph nodes to which tumor i cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 

has metastasized. Most node-positive women are given adju^ The study showed that patients with amplified HER-2/neu 

vant therapy, which increases their survival. However, 20%- benefited from treatment with higher doses of .adriamycin- 

30% of patients without axillary node involvement also based therapy, while those with normal HER-2/neu levels did 

develop recurrent disease^ and the difficulty lies in how to iden- not; The study therefore identified a sub-set of women, who 

tify this high-risk subset of patients . These patients could because they did not benefit from more aggressive treatment, 

benefit from increased surveillance, early intervention, and did not need to be exposed to the associated side effects. In 

treatment. addition, other evidence indicates that HER-2/neu amplifica- 

Prognostic markers currently used in breast cancer recur- Hon in node-negative patients can be used as an independent 

rence prediction include tumor size, histological grade, steroid prognostic indicator for early recurrence, recurrent disease at 

hormone receptor status, DNAploidy, proliferative index, and any time and disease-related death. 5 Demonstration of HER- 

cathepsin D status. Expression of growth factor receptors and 2/neu gene amplification by FISH has also been shown to be 

over-expression of the HER-2/neu oncogene have also been of value in predicting response to chemotherapy in stage-2 

identified as having value regarding treatment regimen and breast cancer patients. 

prognosis. Selection of patients for Herceptin 0 (Trastuzumab) mono- 

HER-2/neu (also known as c-erbB2) is an oncogene that clonal antibody therapy, however, is based upon demens&a- 

encodes a transmembrane glycoprotein that is homologous ti<m of HER-2/neu protein overexpression using HercepTest™. 

to, but distinct from, the epidermal growth factor receptor. Studies using Herceptin 0 in patients with metastatic breast 

Numerous studies have indicated that high levels of expres- cancer show an increase in time to disease progression, 

sion of this protein are associated with rapid tumor growth, increased response rate to chemotherapeutjc agents anda small 

certain forms of therapy resistance, and shorter disease-free increase in overall survival rate. The FISH assays have not yet 

survival. The gene has been shown to be amplified and/or been approved for this purpose, and studies looking' at response 

overexpressed in 10%-30% of invasive breast cancers and in to Herceptin 0 in patients with or without gene amplification 

40%-60% of intraductal breast carcinoma. 3 status determined by FISH are in progress. 

There are two distinct FDA-approved methods by which In general, FISH and IHC results correlate well. However, 

HER-2/neu status can be evaluated: imrhunohistochemistry subsets of tumors are found which show discontent results; 

(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- i;e., protein overexpression without gene amplification or lade 

tion, PathVysion™ Kit). Both methods can be performed on of protein overexpression with gene amplification. The clini- 

archiyed and current specimens. The first method allows visual cal significance of such results is unclear. Based on the above 

assessment of the amount of HER-2/neu protein present on considerations, HER-2/neu testing at SHMC/PAML will utiV 

the cell membrane. The latter method allows direct quantifi- lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 

cation of the level of gene amplification present in the tumor, lowed by FISH in IHC-negative cases. Alternatively, either 

enabling differentiation between low- versus high-amplifica- method may be ordered individually depending on the clini- 

tidh. At least one study has demonstrated a difference in cal setting or clinician preference. 
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CPT code information 



References 



HER-2/neu via IHC 

88342 (including interpretive report) 



HEK-2/neu via FISH 3 

88271*2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 

illation, analyze 25-99 cells 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation an4 report 5 

Procedural Information 

Iminunohistocheimstry is performed using the FDA-approved 
DAKO antibody kit* Herceptest$. The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure forroutinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ef the subse- . 
quently added chrOmogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
ter/stained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section, the Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 17, spectrum orange) present at 
the chrompspme4%6entficunere and the second for the HER- 
2/neu oncogene located at 17ql 1.2*12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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